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METHODS AND COMPOSITIONS FOR CRYOPRESERVATION OF 

DISSOCIATED PRIMARY ANIMAL CELLS 

The present invention relates to cell culture compositions, cryopreservation 

5 compositions and methods of eiyopresemng cells. 

BACKGROUNB OF THE INVENTION 

Cell cultures arc used routinely for a variety of research, drug screening and 
10 diagnostic testing procedures. Animal and human cell cultures, especially three 
dimensional cell cultures are used for testing active agents, drugs and cosmetics, as well 
as for substitution of animal tests and for transplantations. 

Neuronal cultures are widely eiriployed in research, particularly in the study of 
15 receptor function, receptor localization, neiH-onal infiaTrffimtion, neuronal degeneration 
and cell death. Further, the use of primary neuronal cultures has increased in part due to 
the increased prevalence of neuronal disorders and diseases such as Huntingtons, 
Parkinsons and Alzheimers disease in the population. The use of such primary neuronal 
cultures permit normal and neuropathological target cell populations to be studied in 
20 isolation. 

Primary cell cultures more faithfully reproduce the characteristics of native tissue 
than do Immortalized cell lines, A serious limitation of using cell lines is that tlie 
phenot>ps and genot>pe of ceils may change witli time in culture, especially over several 

25 generations. These changes may manifest as a loss of tissue-specific function or 
biotransformation capacity. Further, alterations in karyotype, morphology, and 
biochemical properties may occur. Recently, immortalized cell lines derived from 
primary cultures have been isolated in which the cells exhibit apparently stable 
phenotypes and genotypes and retain much of the differentiated function of the parent 

30 cell. However, it is difficult if not impossible to ascertain whether such immortalized 
cells may accurately model native tissue in all physiological aspects. 
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Dissociated primary cell culture is the most widely used in vitro system in 
neurobiology and much work has focused on obtaining cultures representative of 
neuronal populations in the brain, spinal cord, and dorsal root ganglion. The majority of 

studies on central and peripheral nervous tissue in primary culture have been performed 
5 using embr>'omc or neonatal tissues, as cells at early developmental stages possess greater 
potential for growth in culture (Grain, 1976), Both explant cultures and dissociated cell 
cultures from neonatal animals have been isolated to study specific cell types. For 
example, expknts (lessen et ai., 1983) and cell cultures (Nishi and Willard, 1985) from 
the neonatal rat myenteric plexus have been developed to study the enteric nervous 

10 system (ENS). While primary cell cultures more faithfully reproduce the characteristics 
of native tissue than do immortalized cell lines, primary neuronal cell cultures derived 
from neonatal animals do not, in all cases, represent accurate models of adult neuronal 
systems. Specifically, ENS maturity is reached only at one month after birth and certain 
neuronal populations can only first be detected two to three vi^eeks afterbirth (Matini et 

15 ai., 1997). Further, nerve cell numbers per ganglia decrease by approximately half in the 
first two weeks of life (Schafer et al., 1999). Therefore, there is a need within the art of 
a supply of primary cells (v, primary cell cultures) from all developmental stages of an 
animal. 

20 There are also other drawbacks associated with the use of primary cell cultures. 

Primary cell cul tures are inconvenient to work with in that they often require ordering and 
delivery of animals and/or timed pregnant animals and then difficult and expertise 
intensive dissection and dissociation procedures. Further, there are many scheduling 
difficulties that incur delays when carrying out primary cell culture work. This is 

25 particularly true in the case ofprimary neuronal cultures as they require fetal or neonatal 
substrate tissue. Also, the financial costs and resources required to maintain viable 
neuronal cultures at a research site caii be high md often prohibitive. At present, there is 
currently no commercial source for mammalian neurons either as primary culi-ure material 
or precursor culture material. This is due to the poor viability of neurons in culture and 

30 the inability to cryopreserve and transport neurons 
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Cryopreservation is employed widely for the prolonged storage of mammalian cell 
lines, tissue and primary non-neuronal cells such as hepatocytes (Swales et al 1996). 
However, cryopreservation of primary neurons has been limited to blocks of dissected 
CNS tissue which require thawing and dissociation of cells for culture (Hashimoto et al., 
5 2000) A drawback of cr>'opresei-viiig blocks of tissue is that the tissue must be thawed 
and cells of interest dissociated and isolated from the tissue and subsequently cultured. 
Processing of the ceils requires significant expertise and the chances of injmy or 
contamination of the neuronal cultures are high. U.S. 5,328,821 discloses 
cryopreservation solutions for tissue slices obtained from liver. Thus, there is a need for 
10 cryoprescrved dissociated primary neuronal cells which may be easily thawed and 
cultured. 

U.S. 6,140,123 discloses a method for preconditioning and cryopreservation of 
porcine hepatocytes cells harvested from a donor wherein the cells are suspended in a 

1 5 cryopreservation medium comprising DMSO, glutathione, adenosine, a calcium channel 
blocker and a cell nutrient matrix. The reference does not teach whether the 
compositions maybe used for cryopreservation of primary dissociated neuronal cells. 
U.S. 6,140,1 16 discloses cell culture of porcine neural ceils and methods for using the 
cells to treat neurological deficits due to iieurodegeneration. The reference teaches tliat 

20 N-acetyicysteine and ascorbic acid may be used to counteract the adverse effects of 
oxidative stress during preparation for transplantation. However, there is no disclosure 
of the cryopreservation of neuronal cells. U.S. 5,972,923 discloses methods and 
compositions for enhancing the cytoprotective effects ofpolycyclic phenolic compounds 
through the synergistic interaction with anti-oxidants. The compositions disclosed may 

25 comprise a plurality of antioxidants including ascorbic acid, and glutathione. There is 
no disclosure as to whether any of the compositions may be employed to crv'opreserve 
primary neuronal cells. 

U.S. 5,849,585 discloses a method for enhancing the survival and proliferation 

30 of Schwann ceils in cell culture using seram free culture medium comprising xnitotic 
agents. In addition, otiier optional supplements may be added to the cell medium 
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including vitamin E as an antioxidant and anti-transforming agent. U.S. 5,849,584 
discloses a method for producing an expanded, primary, non-transfonned cell culture 
wherein the cultured cells may be selected from glandular neuroblast, liver, adrenal 
cortex, oral mucosa, cartilage inner ear or bladder cells. The ceils may be cultured in a 
5 medium comprising ascorbic acid between 30 and 125 mg/L. U.S. 4,927:762 discloses 
cultiiring ceils in serum free media in eoiribination with a non-toxic antioxidaiU (N- 
acet>4cysteine, mercaptoproprionic acid, 2-mercaptoethanesulfonic acid, or thiol actate), 
WO 99/3 5242 teaches media compositions and cultimng compositions for the growth and 
function of secretory cells. However, none of these documents disclose whether the 
1 0 compositions may be employed to cryoprcservc primary dissociated neuronal cells. 

The article entitled "Heme oxyenase immunoreactive neurons in the rat intestine 
and their relationship to nitrergic neurons" by Donat et al., Journal of the Autonomic 
Nervous System (1999) discloses isolation and culturing primary rat enteric neurons, 
1 5 However, the article does not teach cryopreservation ofENS or other cells from primary 
dissociated neuronal tissue. 

There is a need in the art for cell culture and cell cryopreservation compositions 
which may be used to culture and cryoprcscrve primary neuronal cells. Further there is 
20 a need in the art for processes for the cryopreservation of primary neuronal cells. Further 

there is a need for cell ctyopresen'ation compositions and methods of cryopresersdng 
primary neuronal cell in high yield so that these cells may be shipped to distant 
destinations for use and study. 

25 Furtiier there is a need in the art to identify crv'opreservation compositions and 

methods of cultiiring prixnary neuronal cells, such that cryopreserved cells are 
physiologically indistinguishable from noncryopresen'-ed primary cells in regard to cell 
morphology, physiology and electrophysiology. 

30 It is an object of the present invention to overcome disadvantages of the prior art. 
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The above object is met by a combination of tiie features of the main claims. The 
sub claims disclose further advantageoijs embodiments of the Invention. 

5 

SiWIARY OF THE IN\^NT!ON 

Tlie present invention relates to cell culture compositions, cryopreservation 

compositions and methods of cryopreserving ceils. 

10 

According to the present invention there is provided a ENS cell cryopreservation 

composition comprising ENS cell culture composition (nutrient medium, serum, D- 
glucose, L-glutamine, an antibiotic, at least one mitotic inhibitor), and at least one 
cryopreservative. Preferably, the at least one cryopreservative is dinietliylsulfoxide 
15 (DMSO). llie present invention also provides for a kit comprising an ENS cell ci!lti5xe 
composition and an ENS cell cryopreservation composition, as just defined, or an ENS 
cell cryopreservation composition, along with instructions for use of the kit. 

The present invention is also directed to the use of the ENS cell cryopreservation 
20 composition as defined above for cryopreservation of ENS cells. Preferably, the ENS 
cells are primary ENS cells selected from the group consisting of enteric nervous system 
neurons, glial cells, fibroblasts, or a combination thereof. 

The present invention also provides for a composition comprising a ENS cell 
25 cryopreservation composition, and primary ENS cells. The present invention also 
provides for a kit comprising an ENS cell cryopreservation composition and an ENS cell 
culture composition. The present invention also embraces the kit as just defined, that 
further comprises cryopreserved ENS cells. Prefereably, the ENS cells are primary ENS 
cells.. 
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The present invention pertains to a method of cryopreserving primary ENS cells 
comprising the steps of 

A) isolating said primar>' ENS cells; 

B) freezing said ENS cells in an ENS cell cryoprcservation composition 
5 comprising nutrient mediiun, serum, glucose, glutamine, an antibiotic, at 

least one mitotic inhibitor and at least one cryopreservative. 

According to the present invention, there is also provided a CNS cell culture 
composition comprising nutrient medium, serum, D-glucose, L-glutamine, an antibiotic, 
10 and at least one antioxidant. 

The present invention further pertains to a CNS cell cryopreservation composition 
comprising a nutrient medium, serum, D-glucose, L-glutamine, an antibiotic, at least one 
antioxidant, and a cryopreservative. Preferably the cryopreservative is dimetiiylsulfoxide 

15 (DMSO). 

The present invention also pertains to the use of the CNS cell culture composition 
for culturing primary CNS cells. Preferably the primary CNS cells comprise cells 
selected from the group consisting of central nervous system neurons, glial cells, 
20 fibroblasts, or a combination thereof. 

The present invention provides for a CNS cell culture composition comprising 
primary CNS cells. 

25 This invention also pertains to the use of a CNS cell cryopreservation composition 

for cryopreserving primary CNS cells. Preferably, the primary CNS cells comprise cells 
selected from the group consisting of central nervous system neurons, glial cells, 
fibroblasts, or a combination thereof. 
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The present invention also provides for a CNS cell cryopreservation composition 
comprising primary CNS cells. 

The present invention further provides a kit comprising a CNS cell 
5 cryopreservation composition and a CNS cell culture composition. The invention also . 
provides the kit as just defined and(i) cryopreserved CNS cells. Preferably, the CNS 
cells are primary CNS cells. 

The present invention also pertains to a method ofcryopreserving primary CNS 
1 0 cells comprising the steps of 

A) isolating said primary CNS cells; 

B) freezing said CNS cells in a CNS cell cryopreservation composition 
comprising nutrient medium, serum, glucose, glutamine, an antibiotic, at 
least one antioxidant, and at least one cryopreservative. 

15 

The present invention also provides a cryopreserved ENS cell, and a 
cryopreserved CNS cell. 

ENS and CNS cells have not been successfully dissociated from the mammalian 
20 intestine, stored frozen and subsequently thawed and maintained in primary culture, 
Cryopreserving these cells provides the opportunity to maintain on hand a supply of 
dissociated primary neurons that are 'culture' ready for broad application in general 
research, drug screening and neurotoxicity testing. 

25 This summary does not necessarily describe aU necessary features of the invention 

but that the invention may also reside in a sub-combination of the described features. 
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BMEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention will become more apparent from the 
5 following description in which reference is made to the appended drawings wherein: 

FIGURE 1 A shows results obtainedbyimmunohistochemical staining ofprimary enteric 
. neurons with an anti-neuron enolase specific antibody following 
cryopreservation, lliawing and re-culturing primary cells using the cell culture and 
10 cryopreservation compositions of the present invention. FIGURE IB shows 

immunohistochcmical staining of the inteimediate filament protein GFAP in glial 
cells co-isolated, crypreserved, and cultured with enteric neijrons. FIGURE IC 
shows immunostaining of vimentin in fibroblasts co-isolated, crypreserved, and 
cultured with enteric neurons. 

15 

FIGURE 2A shows immunoliistocheniicai staining of enteric neuronal subtypes using 
anti-vasoactive intestinal peptide (VIP), anti-somatostatin (SOM), and anti-nitric 
oxide (NO) antibodies following cryopreservation, thawing and culturing. 
FIGURE 2B shows bistochemical results suggesting nitric oxide (NO) neuron 
20 activity (demonstrated by NADPH-diaphorase staining for NO synthase activity). 

FIGURE 3 shows a graphic representation of the percent survival ofneuronal and total 
cells following cell culturing, cryopreservation, thawing and reculturing primary 
cells, as described herein, relative to cells isolated and cultured without 
25 cryopreservation. 

FIGURE 4 shows electrophysiological characteristics of enteric neuronal cells. 
FIGURE 4.4 shows electrophysiological characteristics of ENS cells prior to 
cryopreservation. FIGURE 4B shows electrophysiological characteri-stics 
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foUowing cryopreservation, thawing and culturing. Panels 4A-i and 4B-1 show 
results of current responses to lOmV steps firom -lOOmV in an enteric neuron. 
Panels 4A-2 and 4B-2 and show the current-voltage relationship obtained by 
plotting the amplitude of the cuixents in Panels 4 A- 1 and 4B-1 against the 
5 corresponding membraiie potential of the enteric neuron. Open triatigles and 

closed circles represent data frotn early and late in the response, respectively 
(exact times are ixidicatedby tlie s)inbols below the current traces in Panels 4A-1 
and4B-l). Panels 4A-3, and 4B-3 show results of current clamp behaviour of the 
same neurons used in Panel 4A-1 and 4B-1 wherein current inputs are 30pA 
10 apart. 

FIGURE 5 shows results of immunohistochemical staining of neuronal cells derived 
firom rat cortex following dissection, isolation, cryopreservation, thawing and 
reculturing using the cryopreservation and cell cultxire compositions of the 
1 5 present invention using PGP 9.5 antibodies (top panel), Hocchst reagent (middle 

panel) and GFAP antibodies (lower panel). 

FIGURE 6 shows results obatimed from PGP and Tuj 1 immunohistochemical staining 
of fixed CNS cells using various amounts of cryoprotectants. 

20 

FIGURE 7A shows results obtained from anti-PGP immunohistochemical staining of 
various neuronal cell isolates from various animals and frozen on different dates. 
FIGURE 7B shows results obtained from anti-Tuj immunohistochemical staining 
of various neuronal cell isolates from various animals and frozen on different 

25 dates. 



FIGURE 8 shows electrophysiological results obtained from CNS neuronal cells 
• cryopreserved and cultured using the compositions of the present invention and 
identical CNS neuronal cells not subjected to cryopreservation. 
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FIGURE 9 shows a graphical representation of the percent cell survival for CNS ceils 
subjected to various treatment conditions relative to the viability of isolated and 
cultured CNS cells. "AGC before", refers to the occurrence of AGC within the 
medium prior to cryopreservation only. "AGC before and after" refers to the 
5 inclusion of AGC within the media prior to and following cr>'opreservation of 

primary CNS cells. 

FIGURE 10 shows micrographs of CNS cells cryopreserved and plated using cell culture 

and ctyopreservation coKipositions which lack antioxidants (top panel) versus cell 
10 culture and cryopreservaiion compositions comprising ascorbic, acid, glutathione 

and N- acetylcysteine in the crs'opreservation medium (middle panel) and ascorbic 
acid, glutathione, N-acetyicysteine in both the cryopreservation composition and 
in the cell culture composition used to culture the CNS cells after thawing (lower 
panel). 

15 

FIGURE llA shows PGP and Tuj immunohistochemical staining micrographs of fixed 
cortex cells isolated and cultured using a cell culture composition which lack 
antioxidants (upper panel) versus similar amounts of identical cells isolated and 
cultured with antioxidants comprising ascorbic acid, N-acetylcystine and 

20 glutathione about 4 hours after plating (upper middle panel); cells treated with 

ascorbic acid, N-acetylcysteine md glutathione duiing dissociation of tlie tissue 
into ceils of interest (lower middle panel); cells treated Vvith ascorbic acid,.N- 
acetylcysteine and glulatiiione during dissociation and again about 4 hours after 
plating (lower panel). FIGURE IIB shows PGP, GFAi' inimunohistocheniical 

25 staining and Hoechst histochemical staining of CNS cell at 7 days in culture 

following cryopreservation, thawing and culturing using the CNS cell 
cryopreservation and CNS cell culture compositions of the present invention. 

FIGURE 12 shows PGP and Tuj immunohistochemical staining of fixed, dissociated 
30 mouse cerebellum cells following cryopreservation for about 9 months. 
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FIGURE 13 shows PGP, GFAP and Hoechst's staining of rat cryoprcscrved cortex cells 
thawed by the various methods (FIGURE 13A: hand thawed; FIGURE 
13B: thawed at 37»C for 5 minutes; FIGURE 13C: thawed at 37"C for 10 
minutes; FIGURE 1 3D: thawing at STC for 20 minutes; FIGURE 13E: thawed 

5 at SS^C for 1 minute and 57 seconds; FIGURE 13F: thawed at S6°C for 2,5 

minutes; FIGURE 13G: thawed at 37=C for 2,5 mkiutes; FIGURE 13H: 
thawed at 4°C for 70 minutes. Not showi are ceils subjected to a freezing-thawing 
freezing-thawing cycle. 

FIGURE 14 shows results of crs'-opreserving and culraring mouse cortex cells using the 
cryopreservation and cell culture compositions of the present invention. FIGURE 
14A: PGP and Tuj staining of frozen mouse cortex (embryonic day 1 6), following 
thawing and 7 day culture in CNS cell culture composition comprising ACG 
antioxidants; FIGURE 14B: PGP and Tuj staining of frozen mouse cortex 
(embryonic day 19), following thawing and 7 day culture in CNS cell culture 
composition comprising ACG aritioxidants; FIGURE 14C: cell microgi-aphs of 
fresh hippocampus from postnatal day I, md embryonic mouse cortex (day 
18/19) maintained in CNS eel! culture composition for 7 days in CNS plating 
medium; FIGURE 14D:GABA-PGP staining of frozen mouse cortex E16 cells 
cultured for 7 days in vitro; FIGURE 14E: PGP-GABA staining of mouse 
cortical cells. 

FIGURE 15 shows results obtained following cryopreservation of mouse 

hippocampal cells. FIGURE ISA shows PGP and GABA staining of postnatal 
25 day 1 cryopreservcd mouse hippocampal ceils cultured for 7 days in CNS cell 

culture composition lacking ACG antioxidants. FIGURE 15B shows Tuj and 

GABA staining of embryonic day 18/19 cryopreserved mouse hippocampal cells 
cultured for 7 days in CNS cell culture composition lacking ACG 
antioxidants. FIGURE ISC shows fresh mouse hippocampal cells (postnatal day 



15 
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1), or cortex cells (embryonic day 18/19) cultured for 7 days in CNS cell 
culture composition medium. FIGURE 15D shows GABA-PGP staining of 
cryopreserved mouse hippocampal post-natal day i ceils cultured for 7 
days in CNS cell culture composition medium. 

5 

FIGURE 16 shows results of staining rat hippocampus cells subjected to 
cryopreservation and culturing using the compositions of the present 
invention. FIGURE 16 A shows PGP staining of fresh or cryopreserved rat 
hippocampus cells (embryonic day 18/19) maintained in culture for 7 days 

10 with either cell culture medium lacking ACG antioxidants, comprising AGC 

antioxidants, or Ncurobasal medium with B27 (comprising antioxidants) or 
Neurobasal medium with B27 lacking antioxidants. FIGURE 16B shows PGP 
and GABA staining of cryopreserved rat hippocampal cells (embryonic day 
18/19) maintained in culture for 7 days with Neurobasal media with B27 

15 comprising antioxidant. FIGURE 16C shows staining of cryopreserved rat 

hippocampal neurons maintained in Neurobasal medium with B27 comprising 
antioxidants. 
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DESCRIPTION OF PREFERRED EMBODIMENT 

5 The present invention relates to cell culture compositions., cryopreservation 

compositions and aiethods of cryopreserving cells. 

The following descriptioii is of a preferred embodimeat by way of example only 
and without limitation to the combination of features necessary for carrying the invention 
10 into effect. 

According to the present invention, there are provided cell culture compositioxts 
and cell cryopreservation compositions for cultimng and Ctyopreserving cell s. Preferably, 
the cells are primary cells. More preferably, the cells are primary neuronal cells such as, 

15 but not limited to primary neurons derived from the enteric nervous system and central 
nervous system of an animal. By the term "primary cell" it is meant a cell derived directly 
from an organism such as, but not limited to an animal. For example, but not wishing to 
be limiting, a primary neuronal cell may comprise any type of neuronal cell derived 
directly from any animal, or more preferably cells obtained from a mammal. As is evident 

20 to someone of skill in the art, a primary neuronal cell is incapable of undergoing mitosis 
in culturfe. However, the present invention also contemplates cell culture compositions, 
cell cryopreservation compositions and methods for culturixig and cr>'opreserving cells 
including primary cells which may be capable of dividing in culture. Examples of such 
cells include, but are not limited to glial cells and fibroblasts. Cells are preferably 

25 derived from animals comprising a known genotype. The present invention further 
contemplates culturing and cryopreservation of cells from, but not limited to, native, gene 
knock-out, or transgenic animals. 

Primary Enteric Nervous System (ENS) Cells 
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According to an embodiment of the present invention, there is provided an enteric 
nervous system (ENS) cell culture composition. The ENS cell culture composition 
comprises nutrient medium, sermn, glucose, giutamine, an antibiotic and at least one 
mitotic inhibitor. An example a suitable ENS cell culture composition is disclosed in 
5 Donat et al. (Donat E.M., Wong K., Staines W.A, Krantis A.,(1999), J Autonomous 
Nervous Sys. 77:4-12; which is incorporated herein by reference). 

By the term "nutrient medium" it is meant a mediimi which comprises salts, 
buffers, and other components in sufficient concentration to maintain the osmolarlity and 

10 pH of a solution and to enijance viability of cultured animal cells, as would be evident 
to someone of skill in the ait. Tiie builer niediuni may comprise, without wishing to be 
limiting, calcium chloride (CaCij), potassixmi cWoride (KCl), D-glucose, phosphate 
buffers such as but not limited to NaHjPO^, magnesium sulfate (MgS04), sodium 
bicarbonate (NaHCOj), giutamine, magnesium chloride (MgClj), ethylenedi amine 

1 5 tetraacetic acid (EDTA), vitamins, amino acids, and minerals. The nutrient medium may 
also comprise other components beneficial to the viability of cultured cells, as would be 
known or determined to someone of skill in the art. 

Preferably, the nutrient medium comprises Minimal Essential Medium (MEM) 
20 and is prepared according to standard protocols as known in the art Other nutrient media 
which, may be used in the composition of the present invention, as would be known to 
someone of skill in the art. Further, it is preferred that the nutrient medium be sterilized 

prior to use. Sterilization may be performed according to any method knoviTi in the art, 
for example, but not limited to autoclave sterilization at high temperature and pressure, 
25 or microfiltration, as would be kno-wn to someone of skill in tlie art.. Further, nutrient 
medium may comprise liquid medium or a solid composition which subsequently 
hydrated with water to produce a liquid nutrient medium. 

The ENS cell culture composition of the present invention also comprises serum, 
30 such as, but not limited to rat serum, horse serum, fetal bovine serum, or a combination 
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thereof. Preferably the serum is rat serum and is present in an amount between about 
0.5% to about 5.0 % (v/v). More preferably the serum is rat serum and is present in an 
amount of about 2.5 % (v/v). As would be evident to someone of skill in the art, the 
serum is preferably heat inactivated. 

5 

L-glutamine is present in the ENS cell culture composition of the present 
invention in the amount from about 0.5 mM to about lOmM preferably, at about 2 mM 
Further, D-glucose is present in the ENS cell culture composition ofthe present invention 
in the amount of from about 5 mM to about 50mM, and preferably, at about 15 mM. 

10 

The ENS cell culture composition also comprises at least one mitotic inhibitor. 
By the terai "mitotic inhibitor" it is meant a chemical or compound which inhibits cells 
from undergoing mitosis. Mitotic inhibitors include, but are not limited to 
fliu-odeoxyuridine, c>tosine arabinoside, uridine triphosphate or a combination thereof. 

15 Fluorodeoxyuridine may be employed in an amount from about 5 to about 50 uM, 
preferably at about 10 fxM. Cytosine arabinoside may be present in an amount from 
about 10 fjM to about 5 mM, and preferably at about 1 mM. Uridine triphosphate may 
be present in an amount from about 10 /M to about 2.5 mM, and preferably at about 0.5 
mM. The ENS cell culture composition of the present invention may comprise 

20 flurodeoxyuridine, cytosine arabinoside, uridine triphosphate, or a combination thereof. 

The ENS cell composition ofthe present invention also comprises an antibiotic, 
such as, but not limited to penicillin-streptomycin. Preferably the cell culture 
composition of the present invention comprises about lU/mL of penicillin-streptomycin. 
25 However, as would be evident to someone of skill in the art, other antibiotics may be 
used in the composition of the present invention at concentrations which inhibit the 
growth of bacteria and other microorganisms in culture, without affecting the \'iability 
of ENS or other cells. The amount of atitibiotic required to inhibit the growth of 
microorganisms may be easily determined by someone of skill in the art. 



30 
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An example of an ENS cell culture composition, which is not to be considered 
limiting in any manner, comprises about 90% (v/v) MEM, about 2.5 % (v/v) rat serum, 
about 2 mM L-glutamine, about 1 5 mM glucose, about 1 0 0A fluorodeoxuriduie, about 
1 mM cytosine arabinosidc, about 0.5 mM uridine triphosphate and about lOOU 

5 penicillin-streptomycin. Preferably, glatamine, glucose, mitotic inhibitors and antibiotic 
are prepared individually in distilled water -md colleetively fonti aboin 6.5 % (v/v) of the 
ENS cell culture composition of the present invention. The ENS cell culture composition 
of the present invention may be prepared according to Example 1 . 

1 0 The ENS cell culture composition of the present invention is employed to culture 

animal cells such as, but not linuted to neuronal ceils. Preferably, the ENS cell culture 
medium is employed to culture primary neuronal cells such as, but not limited to enteric 
neurons and neuronal cells derived from the myenteric plexus of the small intestine. In 
apreferred embodiment the neuronal cells derived from the myenteric plexus ofthe small 

1 5 intestine are mouse, rat, pig, chimpanzee, ape, human, porcine, amphibian, fish, canine, 
bovine, or poultry cells. However, cells other than mouse, rat, chimpanzee, ape, human, 
porcine, amphibian, fish, canine, bovine, or poultry cells may be cultured using the ENS 
cell culture composition ofthe present invention. 

20 Also according to the present invention there is also provided an ENS cell 

cryopreservation composition comprising ENS cell culture composition and a 

cryopreservative. Preferably the cryopreservative is DMSO and is present in an amount 
of about 6% (v/v) to about 9% (v/v), more preferably about 7% (v/v). x\n example, 
which is not to be considered limiting, of an ENS ceil cryopreservation composition 
25 comprises about 93% (v/v) ENS cell culture composition and about 7 % (v/v) DMSO, 

The ENS cell cryopresen'atiou composition may be employed to cryopreserve 
animal cells such as, but not limited to nearonai cells. Preferably, the ENS cell 
cryopreservation composition is used to crj-^opreserve primary neuronal cells such as, but 
30 not limited to enteric neurons and neuronal cells derived from the myenteric plexus of the 
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smali intestine, hi a prefeixed embodiment the neuronal cells are derived &om the 
myenteric plexus of the small intestine and are mouse, rat, pig, or human cells. However, 
other cells may be cryopreserved using the ENS cell cryopreservation composition ofthe 

present invention. 

5 . " 

The present invention also provides a kit comprising the ENS cell culture 
composition as described herein, the ENS cryopreservation composition as described 
herein, or both. The kit may further comprise ENS cells which are cryogcnically frozen 

using the ENS ciyopresen^ation composition ofthe present invention. Also, the kit may 
10 comprise insti-uctions for tiie culturing ENS cells, cryopreserving cells, thawtBg cells, 
reculturing thawed cells or any combination thereof. 

The present invention further provides a method of cultuxmg aiid cryopreserving 
ENS ceils using the ENS cell cuR-ure and ENS cell cryopreservation compositions ofthe 
15 present invention. The method ofthe present invention may comprise, but is not limited 
to, the following steps: 

a) dissecting tissue comprising ENS cells from an animal; 

b) dissociating ENS ceils from dissected tissue; 

c) isolating ENS cells; 

20 d) culturing ENS cells in the ENS cell culture composition of the present invention; 

e) freezing ENS cells in the ENS cell cryopreservation composition of the present 
invention; 

f) storing cryopreserved ENS cells; 

g) thawing ENS ceils; 

25 h) culturing thawed ENS cells; 

As would be e^ddent to someone of skill in the art, not all ofthe steps described 
above maybe required to achieve a desired goal. For example, steps a) through e) or f) 
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may be performed separately, and by different users, from steps g) and h). Similarly, 
ENS cells maybe dissected, dissociated, isolated and cultured (steps a) through d)) using 
the ENS cell culture composition of the present invention. In such an embodiment, the 
cells are not subjected to freezing, thawing or other steps as described above. Thus, the 
5 method of the present invention contemplates culturing ENS cells, cryopreserving ENS 
cells, or both. 

Dissection ofTissue Comprising ENS Cells 

10 Dissecting tissue comprising ENS cells from an animal may be performed 

according to any method known in the art. Further, any tissue may be dissected from any 
animal provided that the animal and the tissue comprise ENS cells. Animals which may 
be used in the method of the present invention include, but arc not limited to, mammals, 

including, mice, rats, cats, dogs, humajis, clmttpaszees, apes, bovine, porcine, hamster, 
1 5 equine, fish, nematode, leech, drosophila or Aplaysia . In a preferred embodiment, tissue 
comprising ENS cells is dissected from Sprague Dawley rats. For example, cells 
comprising the myenteric plexus may be isolated from rat ileum. Preferably the dissection 
is performed under conditions which minimize damage of tissue and ENS cells. It is 
preferred that tissue isolated from an animal be flushed with an ice-cold solution which 
20 is compatible with the tissue being isolated. For example, but not to be considered 
limiting, rat ileum segments are preferably flushed with freshly prepared Krebs solution 
(gassed with 95% CO., 5 % O,) throughout dissection to minimize damage to ENS cells 
(Doiiat E,M., Wong K,, Siames W.A., Kraiitis A„(1999), J Autonomous Nervous Sys. 
77:4-12; wliich is incorporated herein by reference), 

25 

. As will be evident to someone of skill in the ait, it is preferred that the dissection 
of tissue be performed relatively quickly to minimize the time that ENS cells are exposed 
to unfevorable growth conditions. 

30 DissociatiQn of ENS Cells from Tissue 
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Dissociation of ENS cells from tissue maybe performed according to any method 
known in the art, for example, but not limited to physical dissociation, enzymatic 
dissociation orcombinations thereof. Preferably, dissociation ofENS ceils areperformed 
under sterile conditions, for exaiiiple, but not lixnitcd to, in a sterile laminar flow hood. 
5 A suitable method for dissociating ENS cells from tissue is provided in Donat et a; 
(Dooat E.M., Wong K., Staines W.A,, Krantis A, ,(1999), J Autonomous Nervous S>^. 
77:4-12; which is iticorporated herein by reference). 

Tissue comprising ENS ceils may be dissociated using enzymes such as, but not 
10 limited to papain, collagenase, dispose and combitiatioDS thereof If the ENS cells 
comprise neurons derived from the myenteric plexus of rat ileum, preferably the 
dissociated tissue is placed in filter-sterilized Hanks Balanced Salt solution about pH 7.3 
containing about 1 % (v/v) papain II and about 0.01% (w/v) L-cysteine, or other suitable 
medium, and incubated for about 10 minutes in a 37" C water bath. However, it is to 
15 be understood that any mammalian ENS cell may be dissociated as described herein in 
the presence of suitable media. 

Following enzymatic treatment with papain, the tissue is rinsed in a suitable 
washing medium, such as, but hot limited to Leibovitz' s Li 5 medium supplemented with 
20 10 % (v/v) fetal bovine serum, 2 mM L-glutamine, 15 mM glucose and 100 U penicillin- 
streptomycin (see Example 1). 

The tissue is subsequently incubated with Hank's Balanced Salt solution 
containing about 0.1% (w/v) collagenase type I and about 4% (w/v) dispase 11 at about 

25 3TC for a period of about 10 minutes. Foilo'Sv'ing the 10 minute incubation period, the 
tissue may be gently triturated to aid dissociation of the ENS cells from the tissue. 
Preferably, the medium of dissociated cells is cooled to about 4°C and then gently 
ccntrifugcdto separate ENS cells from medium containing enzymes. The ENS cells may 
be subjected to any number of centrifogations and medium additions to remove enzyme- 

30 containing medium. However, it is preferred that a single centrifiigation is performed to 
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sediment ENS cells. Using the above method ENS cells , for example but not limited to, 
rat enteric neurons may be readily dissociated. 



As would be known to someone of skill in the art, dissociation of cells may be 
5 performed using enzymes and conditions other than those described above. For example, 
but not wishing to be limiting, the incubation times and temperatures may vary depending 
on factors such as, but not limited to the type of tissue being digested, the amount of 
tissue being digested aiid the activity of the enzymes. Further, other enzymes may be 
employed to aid dissociation of cells from tissue. 

10 

It is also contemplated that ENS cells may be dissociated from tissue without 
enzymes such as, but not limited to collagenase, dispase and papain. However, it is 
preferred that the process is performed with enzymes and in a manner which minimizes 
damage to the ENS cells. 

15 . 

Dissociated ENS cells may be added to the ENS cell culture composition or the 

ENS cell cr>'Opre.sery ation composition of the presesii invention (as defined above), for 
culturing or cryopreservation of ENS cells, respectively. Dissociated ENS ceils may be 
cultured by adding the ceils to the ENS cell cultuie composition of tlie present mventiori. 

20 and subsequently plating the ENS cells on a suitable substrate at a suitable density. For 
example which is not to be considered limiting, if the ENS cells comprise neuronal cells 
derived from the myenteric plexus of rat ileum, then cells are plated onto a suitable 
substrate at about 1000 cells per square mm. A suitable substrate may comprise, but is 
not limited to a coated coverslip, a coated sterile glass slide or a coated cell culture plate. 

25 Preferably the substrate is coated with a material which aids in the attachment of the ENS 
cells onto the substrate, such as, but not limited to Malrigel. Following plating, the cell 
cultures are maintaiiied at about 37''C in an incubation chamber with m atmosphere 
comprising about 95% COj, 5% Oj. 



30 Freezing and Cryopreservation of E NS Cells 
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Freezing ENS cells is performed using the ENS cell cryopreservation composition 
of the present invention. However, there exists several wa>^ that the cells may be frozen, 
as would be evident to someone of skill in the art. 

5 The following is provided as an example only and is not meant to be limiting in 

any manner. ENS cells obtained from dissociated tissue are suspended in the ENS cell 

culture composition as described herein, or a composition in which the cells remain 
viable. An aliquot of this cell suspension is added to a solution comprising ENS cell 
culture composition as defined above, aiid DMSO such that the resulting solution 

10 comprises the ENS cell ctyopreseivation composition of the present invention. 
Preferably, the ENS cell crj'opreservation composition of the present invention is allowed 
to equilibrate for a period at about 3TC. More preferably, the ENS cell cryopreservation 
composition is at a temperature of about 3TC prior to contacting ENS cells. After the 
ceils of interest are combined with the ENS cryopreservation composition of the present 

15 invention, the cells are cooled to about -80°C. Preferably, the cooling takes place at a 
controlled rate, for example but not limited to, a rate of about F C per minute until about 
-80°C. The cells remain at about -8(TC for a period of time, for example, from about 4 
hours to about 1 2 hours, prior to transfer to liquid nitrogen for prolonged storage. ENS 
cells may remain &ozen in liquid nitrogen for any period of time. Preferably tlie ENS 

20 cells rexnain frozen in iiqxud nitrogen for a period less than about 5 yeai's, more preferably 
less than about 2 years, still more preferably less than about 1 year. In a preferred 
embodiment, the cells remain frozen in liquid nitrogen for a period of about 1 day to 
about 8 months. However, it is also contemplated that ENS cells maybe thawed, and the 
remainder refrozen, prior to storage in liquid nitrogen. 

25 

Also contemplated by the present invention, is the transport of ENS cells which 
are frozen at -80°C or in liquid nitrogen. These frozen cells may be packaged in the 
presence of dry ice and shipped to destinations for use by an end user. For example, the 

present invention contemplates the creation of ENS cell or tissue banks wherein ENS 

30 cells may be shipped to various researchers for study. In a preferred embodiment, ENS 
cells derived from animais comprising a known genotype are stored. The present 
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invention further contemplates culturing and cryopreservation ofENS cells from, but not 
limited to, native animals, gene knock-out animals, or transgenic animals. 



Thawing of Crvogenicallv Frozen ENS Cells 

5 

Thawing of cryogsnically firozen ENS cells may be perfonned in a number of 
ways, as would be evident to someone of skill in the art. Preferably, ENS cells frozen in 
the ENS cell cryopreservation composition of the present invention are rapidily thawed, 
for example, which is not be considered as limiting in any manner, frozen cells may be 

10 heated at about 3TC using a water bath for about 3 minutes. As would be evident to 
someone ofskill in the art, the heating time maybe dependent on the volume ofthe liquid 
in which the cells are cryogenically frozen. Preferably, the volume of cryogenically 
frozen ENS cells which is thawed as discussed above is about 250 yuL. Following 
thawing of ENS cells, cells are diluted with any suitable medium, preferably, the ENS 

1 5 cell culture composition as described herein. 



Culturing ENS Cells 



Preferably, ENS cells are cultured using the ENS cell culture composition ofthe 

20 present invention on an appropriate substraie. Preferably the substrate coxnprises an 
appropriate coating. For example, but not wishing to be liiniting, ENS cells may be 
cultui-ed on cover slips, ceil culture dishes or glass slides, or microti ire plates and the like, 
coated with, but not limited to, Matrigei, poly-D-Lysins, poly~L-Lysine, or collagen. 
However other coatings maybe employed in the method ofthe present invention, such 

25 as, but not limited to specific cells types. For example, but not wishing to be limiting, 
enteric neurons may be grown on or in the presence of glial cells. Thus, the present 
invention contemplates culturing enteric neurons and other cells on or in the presence of 
glial cells. Also, as will be evident to someone ofskill in the art, it is preferred that ENS 
cells be cultured in an appropriate incubator, within a specific temperature range and 

30 under conditions which maiiitain the viability ofthe cells, as would be known to someone 
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of skill in the art. Preferably the ENS cells are cultured at about 37°C under an 
atmosphere comprising about 95% CO^, 5% O^. Preferably, the ENS cell culture 
composition is replaced with fresh ENS cell culture composition after about the first 24 

hours of culturing the ENS cells, and again about every 72 hours following the first 
5 change of the ENS ceil culture composition of the present invention. However, these 
time intervals may vary. 

ENS cells may be observed microscopically using phase contrast microscopy to 
monitor the progression of cell adhesion and process extension. Preferably, ENS cultures 
10 arc removed from incubators for less than about 10 minutes at a time. 

ENS ceils may be used at any time after plating, preferably 3 to 14 d&ys, more 
preferably 5 to 10 days, still more preferably 7 da>^ after plating. As will be evident to 
someone of skill in the art, ENS cells maybe unattached to substrate in early stages after 
15 thawing and plating. 

Refen-ing now to Figure lA, there is shown immuiioliistochemical stauiing of 
fixed primary enteric neurons with an anti-neuron enoiase specific antibody following 
dissection of tissue, dissociation of ENS cells from tissue and cultimng in the ENS ceil 

20 culture composition as described herein. The results shown in Figure 1 A demonstrate that 
enteric neurons which have been isolated from an animal and cultured are 
morphologically similar to other types of neuronal cells. Referring now to Figure IB, 
there is shown immunohistochemical staining of the intermediate filament protein,ghal 
fibrillary acidic protein (GFAP) which is known to be present in glial cells. Figure IB 

25 shows that glial cells may be isolated in combination with enteric neurons in the method 
of the present invention. Refemng now to Figure IC, there is showi staining for the 
presence of the mesench>inal iB tsrmediate filament protein vimentin, which is taown to 
be present in fibroblasts. The results shown in Figure IC show that the ENS cultures 
prepared as described herein, may comprise small nximbers of moiphoiogicaily- 

30 identifiable fibroblasts. Fibroblasts are generally present in isolated small clusters, and 
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constitute less than about 1 0% of the total ceil population in culture. Coiiecti vely. Figures 
lA-C suggest that a variety of cells, including, but not limited to neuronal and non- 
neuronal cells may be obtained in practising the method of the present invention and that 
a variety of cell tvpes may be cultured using the ENS cell culture composition of the 

5 present invention. 

Referring now to Figure 2A, there is shown immunohistochemical staining for 
typical enteric neuronal cell subtypes following cryopreservation, thawing and culturing 

(using the ENS compositions and method of the present invention), as indicated by 
10 neuroti-ansmitter localization, kiciuding anti-vasoactive intestinal peptide (VIP), anti- 
somatostatin (SOM), ajid anti-nitric oxide (NO). Referring now to Figure 2B, there is 
shown histochemical staining of NO in enteric neuronal cells. The results shown in 
Figure 2A and Figure 2B demonstrate that a variety of neuronal cell types are present in 
cryopreserved cell cultures. Furthermore, the morphological characteristics, and the 
1 5 number of cells that survive the cryopreservation protocol as described herein are similar 
to those observed in isolated unfrozen control cell cultures (not shown). The staining 
patterns observed in Figure 2A and Figure 2B suggest the presence of neurons with 
Dogiel Types I and II morphologies, which are normally present in the mammalian 
myenteric plexus in vivo. 

20 

Referring now to Figures 3, there is shown the percent survival of neuronal and 
total cells following ENS cell culmnng, ctyopreservation, thawing and reculturing 
relative io ENS cells isolated and caltured without cr>'oprsser\'ation. These results 
demoxisti ate tliat using the ENS cell culture and cryopreservation compositions of the 
25 present invention result from about 90 to about 100% survival of neuronal cells. 

Refening now to Figure 4, there is sho\^ii electrophysiological characteristics of 
enteric newonal cells, cultttred with the compositions of the present invention, prior to 
(Figure 4A) and after cryopreservation (Fi^re 4B) . Panels 4A--i and 4B-1 show results 
30 of current responses to lOmV steps from -lOOmV in an enteric neuron. Transient 
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inward currents appear prominent at the beginning of the responses foHowed by laige 
slowly developing outward currents. The brief inward deflections with latencies longer 
than about 2 to 3 milliseconds at the beginning of the voltage step suggest the presence 
of undamped voltage dependent coBductances in the processes of neurons. Panels 4A-2, 

5 and 4.B-2 show a current-voltage relationship obtained by plotting the amplitudes of the 
currents shown in Panels 4A-1 and 4B-L respectively, against the corresponding 
membrane potentials. Panels 4A-3 and 4B-3 show current clamp behavior of the sams 
neuron wherein current inputs are 3 Op A apart. The results shown in Figures 4A and B 
demonstrate that cells subjected to cryoprcscrvation, thawing and re-cuituring using the 

1 0 cell culture and cryopreservation compositions of the present invention display similar 
electrophysiological responses to stimulation as unfrozen control cultures. Specifically, 
but not wishing to be limiting in any manner, myenteric neurons cryopreserved using the 
ENS cryopreservation composition of the present invention, exhibit AH- and S-typc 
electrophysiological responses. These electrophysiological responses arc similar to the 

1 5 responses observed by myenteric neurons in vivo (not shown). 

Collectively, Figures 1-4 suggest that the cell culture and cryopreservation 

compositions of the present invention permit a wide variety of cells to be cultured and 
cryopresej-ved without loss of specific ceil subtypes, or a reduction in cell viability- 
20 following thawing. Further, the results shown in Figures 1--4 suggeist that cryopreserved 
cells which are thawed and cultured are morphologically and physiologically similar to 
unfrozen cells. 

Primary Central Nervous System (CNS) Ceils 

25 

According to an embodiment of the present invention, there is provided a cenlral 
'nervous system (CNS) cell culture composition. The CNS cell culture composition 
comprises nutrient medium, serum, glucose, ghitamine, an antibiotic and at least one 
antioxidant. The CNS ceil culture composition may also comprise one or more mitotic 
30 inhibitors. Further, the CNS cell culture composition may be used for the preparation of 
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suitabis cslls, for exaiBple but not limited to, primaiy CNS cells from an atiinial, for 
example, but not limited to a mammal, including murine, rat, pig or hummi. CNS cells 
may include, but are not limited to cells obtained from cerebral cortex, striatum, 
hippocampus, cerebellar granular layer, glial cells, spinal cord cells, dorsal root ganglia, 
5 sympathetic neurons, and submucosal plexus. Further, other cells which may be cultured 
using the CNS cell culture composition of the present invention include, but are not 
limited to retinal cells, cardiac myocytes, skeletal muscle cells, vascular smooth muscle 
cells, cerebral endothelial cells, pulmonary endothelial cells, and fibroblasts. 



10 Preferably, the nutrient medium employed in the CNS cell culture composition 

of the present: invention is Minimal Essentia; Medium uv'fEM) and is prepared as is 
known to one of skill in the art, Otiier nutnent media which may be used in the CNS cell 
culture composition, for the purposes of plating after thawing, as described below, 
include Neurobasal medium with B27; Neurobasal medium with B27 comprising one or 

15 more antioxidants, for example, but not limited to one or more of the antioxidants as 
described herein, or N2 medium. Farther, as would be known to someone of skill in the 
art, it is preferred that the nutrient medium be sterilized prior to use. Sterilization may be 
performed according to any method known in the art, for example, but not limited to 
autoclave sterilization at high temperature and pressure, or rnicrofiitration, ais would be 

20 know to someone of skill in the ast, Further, nutsient mediiim may comprise liquid 
medium or a solid composition which is subsequently hydrated with water to produce a 
liquid nutrient medium. 



The CNS cell culture composition of the present invetition comprises serum, such 
25 as, but not limited to horse serum, fetal bovine serum, or a combination thereof. The 
CNS cell culture composition comprises from about 10% to about 30% (v/v) serum, 
preferably about 20% (v/v) serum. More preferably, the CNS cell culture composition of 
the present invention comprises about 5% to about 1 5% (v/v) horse serum and from about 
5% to about 15% (v/v) fetal bovine serum, preferably about 10% horse serum and 10% 
30 fetal bovine serum. As would be evident to someone of skill in the art, the serum is 
preferably heat inactivated. 
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L-glutamine is present in the CNS cell culture compositioa of the present 
invention in the amount of from about 0.5 mM to about 5 niM, preferably about 2 mNl. 
Further, D-glucose is present in the CNS cell culture composition ofthe present invention 
in the amount from about lOmM to about 50 mM, preferably about 20 mM. 

5 

The CNS cell culture composition of the present invention also comprises an 
antibiotic, such as, but not limited to penicillin-streptomycin. Preferably the cell culture 
composition ofthe present invention comprises about lU/mL of penicillin-streptomycin. 
However, as would be evident to someone of skill in the art, other antibiotics may be 
10 used in the composition of the present invention at concentrations which inhibit the 
groN'vth of bacteria and other microorganisms in culture, without affecting the viability 
of CNS or other cells. The amount of antibiotic required to inhibit the growth of 
microorganisms maybe easily determined by someone of skill in the art. 

15 The CNS cell culture composition ofthe present invention may further comprise 

at least one antioxidant, such as, hut not limited to ascorbic acid, N-acetyscysteine, and 
glutathione. Ascorbic acid may be present in an amount of from about 1 00 mM to about 
SOOmM, preferably about 400 mM. Glutathione may be present in an amount from about 
0.5 mM to about 10 mM, prefereably about 2 mM. N-acetylcysteine may be present in 

20 an amount from about 100 mM to about 600 mM, preferably about 300 mM. It is 
contemplated that the CNS cell culture composition may comprise ascorbic acid, 
glutathione and N-acetylcysteine. 

The CNS cell culture composition may also comprise mitotic inhibitors, such as 
25 but are not limited to flurodeoxyuridine, cytosine arabinoside, uridine triphosphate or a 
combination thereof Preferably, the mitotic inhibitors are fluorodeoxyuridine, from about 
5 to about 25 mg/ml, and uridine triphosphate, from about 15 to about 50 mg/ml, More 
preferably fluorodeoxyuridine 'and uridine triphosphate are employed in the amount of 
about 15 mg,''ml and 35 mg/ml, respectively. 



30 
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An example, which is not to be considered limiting in any manner, the CNS cell 
culture composition of the present inverttion comprises MEM, about 10% (v/v) fetal 
bovine serum (FBS), about 10 % (v/v) horse serum (HS). about 20 mM D-glucose, about 
2 mM L-glutamine, about 400 mM ascorbic acid, about 2 mM glutathione, about 300 
5 mM N-acetylcysteine and about lU/mi penicillin-streptomycin. The CNS cell culture 
composition maybe employed to culture CNS cells derived from an animal, for example, 
a mammal, including mouse, rat, pig or human CNS cells derived from cortical tissue, 
or all brain regions, for example, but not limited to embryonic cortices, spinal cord, 
retina, striatum, hippocampus, cerebellum, nigra and the like. 

10 

The present invention, also provides a central nervous system (CNS) cell 
cryopreservation composition. The ("NS cell cryopreservati on composition comprises 
nutrient medium, serum, glucose, glutamine, an antibiotic, at least one antioxidant and 
acryopreservative. The components and concentrations of the CNS ceil cryopresers'ation 
15 composition may be similar to the CNS cell culture composition discussed above, with 
the addition of a cryopreservative. Preferably the cryopreservative is DMSO and is 
present in an amount of about 6% (v/v) to about 9% (v/v), preferably about 8% (v/v) The 
CNS cell cryopreservation composition may also comprise one or more mitotic inhibitors 
as disclosed above. 

20 

The DMSO which is employed in the ENS and CNS cell cryopreservation 
compositions of the present invention is substantially dry, that is the DMSO itself 

contains less than about 20 % (v/v) water, more preferably less than about 10% (v/v) 
water and more preferably less than about 1 % (v/v) water. The water content ofDMSO 
25 may be determined by any method known in the art, for exasnple, but not wishing to be 
limiting, by NNiR, as would be evident to someone of skill in the art. 

An example, which is not to be considered limiting in any manner, of a CNS cell 
cryopreservation composition, comprises MEM, about iO% (v/v) fetal bovine serum 
30 (FBS), about 10 % (v/v) horse serum (HS), about 20 mM D-glucose, about 2 mM L- 
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glutamine, about 400 xnM ascorbic acid, about 2 mM glutathione, about 300 mK-l N- 
acetylcysteine about iU/ml peuicillin-stxeptomycin and about 8% (v/v) DMSO. The 
CNS cell cryopreservation composition may be employed to cryopreserve CNS cells 
derived from an animal, for example a mammal, bovine, porcine, chimpanzee, ape, 
5 hamster, equine, canine, feline, Aplysia, nematode, leech, fish. Preferably the CNS cells 
are murine, rat, or human CNS cells derived from cortical tissue or tissues from all brain 
regions, for example, but not limited to embryonic cortices, spinal cord, retina, striatum, 
hippocampus, cerebellum, nigra and the like. 

10 In an embodiment, the CNS cell cryopreservation composition of the present 

iiivention may be prepared according to Example 1 . However, there exists other ways that 
the CNS cell cryopresei-vation composition of the present invention maybe prepared, as 
would be evident to someone of skill in the art. 



1 5 The CNS cell cryopreservation composition of the present invention may be used 

to ciyopreserve CNS ceils, such as, but not limited to primary CNS cells derived from 
embryonic cortices, hippocampus, striata (caudate putamen) and the like. However, cells 
other than neuronal cells may be cryoprcserved using the CNS cell cryopreservation 
composition of the present invention. 

20 

The present invention further contemplates a method of culturing and 
cryopreserving CNS cells using the CNS cell culture and CNS cell cryopreservation 
composition ofthe present invention. The method of the present invention may comprise 
but is not limited to: 
25 a) dissecting tissue comprising CNS cells from an animal; 

b) dissociating CNS cells from dissected tissue; 

c) isolating CNS cells; 

d) culturing CNS cells; 
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e) freezing CNS cells in a CNS cell cryopreser\'ation composition of the present 
invention; 

f) storing cryopreserved CNS cells; 

g) thawing CNS cells; 

5 h) culturing thawed CNS cells; 

As would be evident to someone of skil l in the art, not all of the steps described 
above may be required in the method of the present invention. For example, but not to 
be considered limiting, CNS cells maybe dissected, dissociated, isolated and cultured 
1 0 using the CNS cell culture composition ofthe present invention. The cells may be studied 
after an appropriate time in culture. La such an embodiment, the cells are not subjected 
to freeing, thawing or other steps as described above. Furthermore, the cells may be 
frozen and transported to other users as required. Therefore, the method ofthe present 
invention also includes variations of the above steps. 

15 

Dissection of Tissue Comprising CNS Ceils 



Dissecting tissue comprising CNS cells from animal maybe performed according 
to any method known in the art. Further, any tissue may be dissected from any animal 
20 providing that the aiiimal and the tissue comprise the CNS cells of interest. Animals 
which may be used in the method ofthe present invention include, but are not limited to 
mice, rats, cats, dogs, humans, chimpanzees, apes, bovine, porcirie, equine, avian, or 
fish. In a preferred embodiment, tissue comprising CNS ceils is dissected from Sprague 
Dawley rats, aplysia, leech, nematode, or fish. 

25 

CNS cells to be cultui-ed may be derived from a range of tissues, for example, but 
not limited to, dissected embryonic tissue, more preferably tissue deri ved from embryonic 
cortices, and striata (caudate putamen), substantia nigra, hippocampus, for example from 
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rat, mouse or other subject. Preferably the cortices and striata are maintained in cold 
phosphate buffered saline (PBS) during dissection, dissociation and iiandling. 



As will be evident to someone of skill in the art, it is preferred that the dissection 
5 of tissue comprising CNS cells be perfonned relatively qyickly to minimize the time that 
the CNS cells are exposed to unfavorable growth conditions. 

Dissociation of CNS Cells from Tissue 

10 Dissociation of CNS cells may be performed according to any method known in 

the art, for example, but not limited to physical dissociation. In an embodiment, CNS 
cells axe physically dissociated from tissue, for example, bixt not limited to by tri turatiojL 
However, it is preferred that the process is performed in a manner which minimizes 
damage to CNS cells. For example, but not to be considered limiting in any manner, 

1 5 cortices, hippocampus, and striata (caudate putamen) collected from embryonic Spraguc- 
Dawleyrats maybe gently triturated to dissociate CNS cells. Preferably, few bubbles are 
created during trituration. Also, as is evident to someone of skill in the art, dissociation 
of CNS cells is performed under sterile conditions, for example, but not limited to, in a 
sterile laminar flow hood. 

20 

Dissociated CNS cells maybe added to the CNS cell culture composition or a 

CNS cell ciyopresen^aiicn composition of the present invention as defined above, for ceil 
culturing or cryopressrving CNS ceik, respectively. 

25 Dissociated CNS cells may be cultured by adding cells to the CNS cell culture 

composition of the present invention and subsequently plating the CNS ceils on a suitable 
substrate, A suitable substrate may comprise but is not limited to a coated coverslip, a 
coated sterile glass slide or a coated ceil culture plate. Preferably the substrate is coated 
with a material which aids in the attachment of the cells onto the substrate, such as, but 
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not limited to Matrigel Following plating, tlie cell cultures are maintained at about 37»C 
in aa incubation chamber with an atmosphere comprising about 95% COj, 5% O, in air. 

CNS cells may be obtained from dissociated CNS neisrons derived from 
5 embryonic cortices, caudate putamen, substantia nigra, hippocampus, or a combination 
thereof, from for example, but not limited to rat, mouse or other source. Prior to 
culturing, the CNS cells are preferably diluted to about 500,000 cells per ml using the 
CNS cell culture composition of the present invention and plated onto an appropriate 
substrate. About 12 to about 16 hours after plating the CNS cells on a suitable substrate, 
1 0 the CNS cell culture composition is removed and replaced with a fresh aliquot of the 
CNS cell culture composition of tlie present invention. For CNS cells which have been 
cultured for a period longer than about 4 days, the CNS ceil culture composition may 
comprise at least one mitotic inliibitor. Mitotic inliibitors may include, but are not 
limited to fluorodeoxyuridine, uridine triphosphate or a combination thereof. The CNS 
1 5 cell culture composition may comprise about 1 5mg/ml flurodcoxyuridine and about 35 
mg/ml of uridine triphosphate. Without wishing to be bound by theory, the mitotic 
inhibitors may reduce the division of cells, such as but not limited to glial cells which are 
capable ofdividing in culture and which maybe isolated in combination with CNS cells. 

20 Freezing and Crvopreservation of CNS Cells 

Freezing CNS cells may be performed using the CNS cell cryoprescrvation 
composition ofthe present invention. However, there exists several ways that CNS cells 
may be frozen. The following embodiment is an example, which is not meant to be 

25 limiting in anymanner. CNS cells obtained from dissociated tissue are suspended in CNS 
cell culture composition ofthe present invention, or a composition in which the cells 
remain viable. An aliquot of these cells is added to a solution to yield CNS cells 
suspended in the CNS cell cryopreser\'ation composition of the present invention. 
Preferably, the CNS cell cryopreservation composition of the present invention which 

30 comprises DMSO is allowed to equilibrate for a period at about 37»C, or a temperature 
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which is compatible with the CNS ceils of interest. Preferably, the CNS cell 
cryopreservation composition is at about 3T'C prior to comiag into contact with CNS 
cells. In a preferred embodiment, CNS cells are maintained at a suitable concentration, 
for example but not limited to, a concentration of about 5x10* cells per ml for freezing. 
5 After CNS cells are added to the CNS cryopreservation composition of the present 
in vention, the cells are slowly cooled, for example which is not to be considered limiting 
in any manner, at a rate of about 1" C per minute until about -80°C. The cells may remam 
at about -80°C for aperiod of about 4hi-s. Subsequently, the cells are IraRsferted to liquid 
nitrogen forprolonged storage. Cells may remain frozen in liquid mitogen for any period 
10 of time. Preferably the cells remain frozen in liquid nitrogen for aperiod less tlian about 
5 years, more preferably less than about 2 years, still more preferably less than about 1 
year. In a preferred embodiment, CNS cells remain frozen in liquid nitrogen for a period 
of about 1 day to about 8 months. 

15 Also contemplated by the present invention, CNS cultures frozen in liquid 

nitrogen may be packaged with dry ice and shipped to other end users. For example, the 
present invention contemplates the creation of a CNS cell or tissue bank wherein 
particular CNS cells may be shipped to various researchers or commercial applications. 
In a preferred embodiment, the CNS cells are derived from animals with a known 

20 genotype. Also, the CNS cells may be derived from a native aniinal, a transgenic animal 
or a gene knock-out animal. In such a manner, the present invention may permit identical 
types of tissues to be studied by a plurality of end users. 

Thawing of Crvogeiiically F rozen CNS Cells 

25 

Thawing of CNS cells may be performed in any number of ways, as would be 

evident to someone of skill in the art, for example, but not limited to as described in 
Example 4. Preferably, vials of CNS cells frozen in CNS cell cr^'opreservation 
composition are removed from liquid nitrogen and rapidly warmed, for example, heated 
30 at about 3TC using a water bath for about 3 minutes. As would be evident to someone 
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of skill IB the art, the heating time maybe dependent on the voiiime of the liquid ia wliidi 
the ceils are cryogenically frozen. Following tliawing of the CNS cells, preferably the 
cells are diluted with the CNS cell culture composition, as described above, which may 
or may not comprise one or more antioxidants. An aliquot of the CNS cell culture 

5 suspension is added to a suitable substrate, for example, but not limited to a coverslip 
coated with MATRIGEL. Preferably, CN S cells are al lowed to remain in contact with the 
substrate for a period of about 6 hours, prior to adding about a ten fold excess of the CNS 
cell culture composition of tlie present invention. Fisriher, it is preferable that the 
incubations are performed at a temperature and under incubation conditions, such as but 

10 not limited to 95% COj, 5%02 and moisture which are compatible with the viability of 
CNS cells. 



Frozen CNS neurons derived from embryonic tissue, for example from rat 
embryonic tissue, may be rapidly thawed in a water bath at about 37T for about 3 

15 mmutes. The thawed cell suspension is then diluted with the CNS cell culture 
composition of the present invention which is warmed to about 37°C prior to use. 
Preferably, the addition of the CNS cell culture composition to the thawed cell 
suspension is performed drop by drop over a period of about 2 minutes. Without wishing 
to be bound by theory, sudden dilution of the CNS cell ciyopreservation composition of 

20 the present invention may result in osmotic damage to cells. Following dilution with the 
CNS ceil culture composition of the present invention, tlie cells are plated onto m 
appropriate substrate and placed in an incubator at a temperature of about ST^C 
comprismg a 5% COj in air atmosphere. The CNS cells are incubated under these 
conditions for a period of about 4 hours, after which the CNS cell culture composition 

25 of the present invention is removed and a fresh aliquot of the CNS cell culture 
composition of the present mvention is added to cells. On the fourth day in culture, the 
CNS cell culture composition ofthe present invention maybe supplemented with at least 
one mitotic inhibitor as discussed above. 



30 Without washing to be bound by theory-, the stress of centrifuging cryopreserved 

CNS neurons upon thawing may affect viability of the neurons. Therefore, it is preferred 
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that the method of the present invention not employ centrifugation directly after thawing 
for CNS ceils. Preferably, CNS cells such as, but not limited to those derived frora 
einbr>'onic cortices are thawed and cultured without centrifugation. 

5 Caituring CNS Cells 

CNS cells may be cultured lising the CNS cell culture composition of the present 
invention on an appropriate substrate. For example, but not wishing to be limiting, CNS 
cells maybe cultxirsd on cover slips, cell culture dishes, glass slides or microtitre plates 

10 and the like. Preferably, the substrate comprise a coating, such as, but not limited to 
Matrigel, poly-D-lysine, poly-L-lysine or collagen. However, other coatings may be 
employed in the method ofthe present invention, such as, but not limited to specific cells 
types. For example, but not wishing to be limiting CNS cells may be grown on or in the 
presence of glial cells. Also, as will be endent to someone of skill in the art, it is 

15 preferred that the CNS cells be cultured in an appropriate incubator, within a specific 
temperature range and imder conditions which enhance the viability ofthe ceils, as would 
be knov,-!! to someone of skill in the art. Preferably the cells are cultored at about 37T 
under an atmosphere comprising about 95% COj, 5% Oj. Preferably, the cell culture 
composition is replaced with fresh cell culture composition after about the first 24 hours 

20 of culturing the cells of interest, and again about every 48 hours following the first 
change ofthe cell culture composition ofthe present invention. 

CNS cells may be observed microscopically using phase contrast microscopy to 
monitor the progression of cell adhesion and process extension. Preferably, cultures are 
25 removed from incubators for less than about 1 0 minutes at a time. 

CNS cells may be used at any time after plating, preferably 3 to 14 days, more 
preferably 5 to 10 days, still more preferably 7 days after plating. As will be evident to 
someone of skill in the art, CNS ceils may be unattached to substrate in early stages after 

30 tha^'ing and plating. 
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It is also contemplated that CNS ceiis may be cultured in the presence of 
ciyoprotectant, such as, but not limited to DMSO. For example, but without wishing to 
be limiting, cryogenically frozen CNS cells may which are thawed, diluted with CNS cell 
culture composition and plated may be cultured in the presence of small amounts of 
5 DMSO until the medium is changed. Preferably, the cryoprotectant is present in a CNS 
cell culture composition in an amount below about 1% (v/v). 

Without wi shing to be limiting CNS cells may be studied by any method known 

in the art. For example, but not wishing to be limiting the viability of cells may be 
1 0 determined by cell staining and counting, as would be knowti to someone of skill in the 
• art. Further, morphological, physiological, biochemical changes of CNS cells cultured. 
md cryopreserved in accordance with the meihod and compositions of the present 
invention may be studied for example by immunohistochemistry as would be Imown to 
someone of skill in the art. Further, the cells may be studied electrophysiologically, for 
1 5 example, by patch clamps to study voltage channels in the cultured CNS cells. All of the 
techniques described above which maybe employed to characterize cells are well within 
the capabilities of someone of skill in the art. 



Referring now to Figure 5, there arc shown fixed neuronal cells derived from rat 
20 cortex following dissection, isolation, cryoprescrvation, thawing and reculturing using 
the CNS cell cryopreservation and CNS cell culture compositions of the present 
invention. The upper panel of Figure 5 shows staining patterns of fixed neuronal cells 

usingPGP 9,5, ansuTonspecificaatibody directed against ubiquitintenmnal carboxylase 
which may be present in an amount of up to about 2% of tlie neuronal cytoplasmic 
25 protein. The middle panel of Figwe 5 shows Hoechts staining of all cells present in 
culture. The lower panel shows GFAP staining of glial cells. Collectively, Figuie 5 
suggests that a variety ofcells and cell types derived torn the central nervous system may 
be isolated, cryopreserved and cultured using the CNS cell culture and CNS 
cryoprescrvation compositions of the present invention. 

30 
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Referring now to Figure 6, there is shovvii PGF and Tuj 1 imuiimohistochemical 
staining of fixed CNS cells, which are isolated, ctyoprsserved using different amounts 
ofcryoprotcctant, thawed and cultured. Tuj 1 , a neuron specific antibody directed against 
a juvenile form of tubulin and is a marker for neuronal processes such as axons and 
5 dendrites. The results shown in Figure 6 suggest that the CNS cryopreservation 
composition of the present invention may comprise different amoxmts of a 
cr>'Opressrvative in the composition. Specifically, but not wishing to be limitkig, DMSO 
may be employed in the ainosuit of about 6,5% (v/v) to about 9% (v/v), preferably 8% 
(w/w) in the CNS cryopreservation composition of the present mventiort. However, other 
10 types of cryopreservatives may be used in the CNS cryopreservation conipo.sition of the 
present invention. Further, other amounts of the cryopreservativc -may be used in the 
cryopreservation compositions of the present invention. 



Referring now to Figure 7 A and Figure 7B, there is shown PGP and Tuj staining, 
1 5 respectively of multiple aliquots of CNS neurons following cryopreservation, thawing 
and culturing. The results shown in Figure 7 A and Figure 7B suggest that the method of 
cryopreserving cells according to the present invention is reproducible and exhibits low 
variability. 



20 Referring now to Figure 8, there is showH electrophysiological characteristics of 

CNS neuronal cells cryopreserved and cultured using the CNS compositions of the 
present invention and identical CNS neuronal cells not subjected to cryopreservation. The 
results shown in Figure 8 suggest that CNS cells cryopreserved and thawed using the cell 
culture and cryopreservation compositions of the present invention exhibit siinilai 

25 eletrophysioiogical characteristics to nonfrozen cells. Further, tiie results suggest that the 
CNS cell culture and CNS cell cryopreservation compositions of the present invention 
and the method of cryopreserving CNS cells yield cells which closely resemble identical 
imcryopreserved cells. 
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Refemng now to Figure 9, there is shown tiie percent cell siirvival for CNS cells 
subjected to various treatment conditions. The percent survival is relative to the viability 
of isolated and cultured CNS cells (non-cryopreserved). As show^ in Figure 9, CNS cells 
cryopreserved using cell culture compositions which lack antioxidants ("Frozen") exhibit 
5 about 25 % viability when thawed and cultured. CNS cells which are cryopreserved in 
the presence ofascorbic acid, N-acetylcysteine and glutathione ("AGC Before") exhibit 
a slight increase in viability. CNS cells which axe cryopresers'sd in the presence of 
ascorbic acid, N-acetylcysteine and glutathione, thawed and cultared in CNS cell cultare 
medium comprising ascorbic acid, N-ac.et>4cysteiiie and glutathione ("AGC Before & 

10 After") exhibit about 80% cell survival (all of the cells that were cryopreserved, in the 
presence or absence ofcytoprotectants, were cryopreserved in the presence ofDMSO). 
Thus, the presence ofascorbic acid, glutathione and N-acetylcysteine antioxidants prior 
tocryopreservation, increases viability of CNS cells. Furthermore, the presence of 
ascorbic acid, N-acetylcysteine and glutathione during cryopreservation and again within 

15 the CNS cell cultwe composition added to thawed CNS cells, fiirther increases the 
viability of CNS cells. 



Referring now to Figure 10, there is shown micrographs of CNS cells 
cr>'opreserved aiid plated using cell culture and cryopreservation compositions which lack 

20 antioxidants (top panel) versus CNS cell culture and CNS cell cryopreser^-ation 
compositions comprising ascorbic acid, gluiathione and N-acetylcysteine, but lacking in 
the cell culture medium after thawed CNS cells are plated and cultured (middle panel) 
and ascorbic acid, glutathione, N-acetylcysteine in both the CNS cryopreservation 
composition and in the CNS cell culture composition used to culture the CNS cells after 

25 thawing (lower panel). The results shown in Figure 10 suggest that the presence of 
antioxidants, specifically ascorbic acid, N-acetyi cysteine and glutathione in CNS cell 
ciyopreseivation and CNS cell culture compositions enhances the viability of the CNS 
cells. Further, CNS cells cultured and cryopreserved in combination with the antioxidnats 
disclosed above appear more healthy and more closely resemble normal cells than do 

30 cells which are ciyogemcally fi-ozen, tliawed and cultured without antioxidants. 
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Referring now to Figure 1 1 A, there is shown PGP and Tu] immimohistochemical 
staining of fixed cortical cells which are isolated aad cultured using a cell culture 
composition which lack antioxidants (upper pannsi) in relation to similar amounts of 
identical cells isolated and cultured in the CNS cell culture composition of the present 
5 invention comprising ascorbic acid, N-acctylcystine and glutathione about 4 hours after 
plating (upper middle panel). ShQ\Mi in the lower middle panel are cells treated with 
ascorbic acid, N~acetykysteine and gliitatliione during dissociation ofthe tissue into cells 
of interest. Shown in the lower panel are cells treated with ascorbic acid, N-acetyicysteine 
and glutathione during dissociation and again about 4 hours after plating suggest that a 

10 combination of antioxidants, specifically ascorbic acid, cysteine and glutathione enhance 
viability ofcells in culture. Referring now to Figure 11 B, there is shown PGP, and GFAP 
immunohistochemical staining and Hoechts histochemical staining ofCNS.cell at 7 days 
in culture following cryopreservation, thawing and culturing using the CNS cell 
cryopreservation and CNS ceil culture compositions ofthe present invention. The results 

15 shown suggest that there is an increase in the nmnber of supporting glial cells in culture 
when cells are treated with the CNS composition ofthe present invention comprising 
ascorbats, N~acetylcysteine and glutathione prior to crv^opreser^'atioii and immediately 
following thawing. CNS cell cultures treated with the compositions of the present 
invention suggest that the compositions may enhance the viability and growth of glia 

20 (shown in Figure i IB in two different focal planes) which appear to form elaborate three 
dimensional arrays amongst the neuronal cells, similar to that which occurs in vivo (not 
shown). 



Referring now to Figure 12, there is shown PGP and Tuj staining of fixed, 
25 dissociated mouse cerebellum cells following cryopreservation for about 9 months using 
the CNS cell cryopreservation composition ofthe present invention. The results shown 

inFigiire 12 suggest that the CNS cell culture composition and CNS cell cryopreservation 
composition ofthe present invention may be used to cryopreserve many t>pes ofcells. 
For example, but not wisliing to be Imiiting, the CNS cell culture composition and CNS 
30 ceil cryopreser\'ation composition contemplates culturing asid cryopresen'ation of CNS 
cells derived from cerebral cortex, striatum, hippocampus, cerebellar granular layer, glial 
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cells, spinal cord cells, dorsal root gaiigiia, sympathetic neurons, and submucosal plexus. 
Further, other cells which maybe cultured using the CNS cell cultiire composition of the 
present invmtion include, but are not limited to retinal cells, cardiac myocytes, skeletal 
muscle cells, vascular smooth muscle cells, cerebral endothelial cells, pulmonary 
5 endothelial cells, and fibroblasts. 



CNS cells which are cultured or cryopreserved using the CNS cell culture or CNS 
cryopreservation compositions of the present invention, respectively, may be derived 
from any animal, for example, but not limited to mouse, rat, hamster, cat, dog, human, 

10 bovine, porcine, equine, anipMbian, chimpaiuaee, ape, aplysia, nematode, fish, or ieech. . 
Further, the present invention contemplates cultuiing, cryopreserving or botli culturing 
and cryopreserving CNS cells derived from traiisgenic animals. Without wishing to be 
limiting, the present invention contemplates cultuiing and cryopreservmg cerebral cortex 
cells which are transgenic and express green fluorescent protein (GFP), GFP fluorescent 

15 hippocampal cells, cell repair impaired (GFP fluorescent) cerebral cortical cells, cell 
repair impaired (GFP fluorescent) hippocampal cells, GFP fluorescent striatum, GFP 
fluorescent hippocampus, GFP fluorescent cerebellar granular layer, GFP fluorescent 
glial cells, GFP fluorescent cardiac myocytes, GFP fluorescent skeletal muscle cells, GFP 
fluorescent pulmonary endothelial cells, cell repak impaired GFP fluorescent cardiac 

20 snyocytes. Further, the present invesiiioji conteniplates ciilturing md cryopreserving stem 
cells, including but not limited to neuronal stem ceils using the CNS cell cultisre and the 
CNS cell cryopreservation compositions of the present mvention. 



Further, in an embodiment of tlie present invention which is not meant to be 
25 limiting in any manner, the preseiit invention contemplates ciyopreservation of co- 
cultures of cells and culturing of co-cultures using the cryopreservation and cell culture 
compositions of the present invention. By the term "co-cultures" it is meant a culture of 
cells which comprises at least two individual cell types, for example, but not limited to, 
striatum cells/substantia nigra cells, 8triatum>'cortex cells, cortex/macrophage cells, or 
30 other combinations of other cells including, but not limited to cerebral cortex, striatum, 
hippocampus, cerebellar granular layer, glial cells, spinal cord cells, dorsal root ganglia. 
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sympathetic neurons, and submucosal plexus. Further, other cells which may be co- 
cultured using the CNS ceil culture composition of the present invention include, but are 
not limited to retinal cells, cardiac myocytes, skeletal muscle cells, vascular smootii 
muscle cells, cerebral endothelial ceils, pulmonary endothelial cells, or a combination 

5 thereof. In aii embodiment, the co-culture may comprise any combination of primary 
cells. Fisrtlier the co-culture may comprise 3 or more cells. Further, the one or more cell 
types may comprise a, stem cell type. Such co-culmres can be valuable in understanding 
the molecular mechanism of stem cell differentiation as a co-culture of cells may more 
accurately mimic tlie native environment of a stem cell th an traditional m vitro conditions 

10 currently employed. Also contemplated are co-cultures wherein each individual cell type 
is labeled with a distinct fluorophore, dye or the like, to facilitate identification of the cell 
type. Fluorophores and dyes are known within the art and may be purchased from a 
variety of chemical suppUers. Preferably the fluorophore or dye does not affect the 
viability, or the normal metabolism of the cell type. 

15 

In another embodiment, the present invention contemplates cell culturing and 
cryopreservation of CNS cells derived ftom transgenic or knock-out organisms, which 
exhibit a specific genotype or phenotype. For example, but not wishing to be limiting, the 
present invention contemplates ceils derived from transgenic organisms which exhibit 
20 symptoms of diseases, such as, but not limited to Alzheimer's disease. 

The present invention further contemplates a kit comprising the CNS cell culture 

composition of the present invention, the CNS ciyopreservation composition of the 
present kivention or both. Tlie kit may fuitlier comprise CNS celts which are 
25 crj'ogenically frozen using the CNS cryopreser\'ation composition of the present 
invention. Also, the kit may comprise instructions for the culturing CNS cells, 
cryopreserving cells, thawing cells, culturing thawed cells or any combination thereof 

Also contemplated by the present invention is a method of enhancing 
30 commonality in neuronal research comprising, 
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pro\idmg an individual, group or organisation that maiiitaiiis a plurality of 
cryopreserved primary neuronal cells cultures, the individual, group or organisation 
capable of providing one or more samples of cryopreserved neuronal cell cultures to one 
or more researchers, such that the cryopreserved primary neuronal cell cultures may be 
5 thawed, cultured and employed, for example, but not limited to in research or other 
experiments by the one or more researchers. 

Any of the primary cell cultures as disclosed herein and any of the cell 
er>'opreservation and cell culturing compositions may be employed in the method. 

10 Further, instructions Biay be provided to aid in thawing and culturing tlie cryopresen'ed 
cell culture. Also contemplated by the jr\e;!iod are kits whkh cosiprise one or more 
primary ceil cultures, cell cryopreservation compo.sitions, cell culture compositions, 
instructions, or any combination thereof 

15 Providing primary' neuronal ceil cultures that are derived from a common source 

and isolation method permits, without wishing to be limiting, the results of experirnexits 
by several researchers to be more directly compared and analysed as such results are 
derived from common stocks of primary neuronal cell cultures . Such a method may be 
a valuable tool in neuronal research. 

20 

The above description is not intended to limit the claimed invention in any 
manner. Furthermore, the discussed combination of features might not be absolutely 
necessary for the inventive solution. 

25 The present invention will be further illustrated in the following examples. 

However, it is to be understood that these examples are for illustrative purposed only, and 
should not be used to limit the scope of the present invention in any manner. 

Examples: 
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EXAMPLE 1: Preparation of Solutions and Culture Media 
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Preferably all culture media is prqjared and stored for no longer than about 4-6 weeks, 
more preferably about 3 weeks. Still more preferably, all culture media is prepared fresh 
5 prior to use. 

EN'S Cell Culture Composition 

Reagents: 0.030 g cytosine arabinofluronoside in 100 ml distilled water 
0.0122 g uridine triphosphate in 100 ml distilled water 
10 0.246 g fluoro-2' dcoxyuridine in 100 ml distilled water 

0.584 g glutamine in 20 distilled water 
6.0 g glucose in 20 ml distilled water 
Penicillin/Streptomycin (lyophilized) in 20 ml distilled water 
Rat serum (blood spun at 2500 rpni at 4°C for 15 minutes) ■ 
15 Minimum essential medium (IVIEM) 

100ml of ENS cell crJture composition is prepared by adding 1 ml each of CAtosine 
axabinofluronosi de, uridine triphosphate, fIuoro-2' deoxyuridine, glutamins, glucose, and 
Penicillia/Streptomycin solutions to 2.5 ml rat serum. MEM is added to the mixture to 

20 bring final volume to 1 00ml. The solution is filtered into a sterile container using a 50ml 
syringe and 2 filters and refrigerated in sterile environment. As will be evident to 
someone of skill in the art there exists numerous ways of combining components to arrive 
at the ENS cell culture composition of the present invention, without departing from the 
scope of the present invention, and are fully contemplated by the method of the present 

25 invention Further, the ENS cell culture composition may fiirther comprise ENS cells. 
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In an embodiment, the ENS ceil cryopreservation composition of the present invention 
may comprise ENS ceil culture composition and DMSO in a ratio of about 93:7 (v/v) 
respectively. As will be evident to someone of skill in the art there exists numerous ways 
of combining components to arrive at the ENS cell cryopreservation composition of the 
5 present invention, without departing from the scope of the present invention, tod are fully 
contemplated by tlie method of ilie present invention. Further, the ENS ceil 
cryopreservation composition of tiie present invention may comprise ENS cells. 

Lejbovitz Is. L. 1 5 Washing Medium 
10 Reageiits: 0,584gghitamine in 20 distilled water 
6.0g glucose in 20 ml distilled water . 
Penicillin/Streptomycin (lyopMlized) in 20ml distilled water 
10 % (v/v) Bovine serum 
Leibovitz's L 15 Medium 

15 

100ml washing medium is prepared by adding 1 ml each of glutamine, glucose, and 
Penicillin/Streptomycin solutions to 10 mlbovine serum, followed by adding Leibovitz's 
L 15 Medium to bring the final volume to 100ml. The solution is filtered into a sterile 
container using a 50ml syringe and 2 filters, and stored in a refiigerated, sterile 
20 environment. 



Hanks Ix Solution ("non-sterile) 



Reagents: Hanks solution 

Sodium bicarbonate 
25 Distilled water 
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1 75ml of distiiied water is added to 20mi Haiiks solution. The pH is adjusted to 7.3 with 
sodiiiiii bicarbonate and the solution is brought to a final volume of 200 ml with distilled 
water. The solution is kept refrigerated. 

5 Krebs iOx Solution 

Reagents: 73.67g sodium chloride (NaCl) 
3.85g potassium chloride (KCl) 
L66g sodium biphosphate monohydrate (NaH2P04 H20) 
2.45g magnesium chloride hexahydrate (MgClj- 6H2O) 

10 3.68g calcium chloride dihydiate (CaCk- 2H2O) 

20 g glucose 

21 g sodium bicarbonate 

To make Krebs Ix solution, Krebs lOX is diluted to IX using distilled water and gassed 
15 wWi95%C02, 5%0^. 

Dispase/Collaeenase 

O.Olg of 245 unit/mg collagenase and 0,04g of dispase is weighed into a dr\' 15ml 
centrifuge tube. The composition is stored with desiccant and refrigerated. 

20 

L^Cy stdne 

0.00 1 g L-cysteine is wsiglied in to a 1 5ml centrifuge tube. The tube is protected from light 
with aiuminium foil and stored witli desiccant. 



25 



O.IM Phosphate Buffered Saline (PBS) 

7.58gNaa 
3.26gNaH2P04-H20 
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i0.36gNa.,HPO4 

IL of O.iM PBS is prepared by combining the above reagents witii 900 ml of distilled 
deionized water, adjusting the pH to 7.4 and bringing the volume to IL. The solution is 
autoclaved for 20 minutes and subsequently stored at 4° C. 

5 

General cell culture medium (also termed CNS plating medium) 
78 ml minimum essential medium (MEM) 
10 % (v/v) heat inactivated horse serum (HS) 
10 % (v/v) heat inactivated fetal bovine serum (FBS) 
10 20 rnM D-glucose 

2 mM L-glutamins 
100 U Pemciiiin-streptomyciii 



100 ml of the general cell culture medium is prepared by adding lOml of each horse 
15 serum and fetal bovine serum to D-glucose. 1ml of each 200 mM L-glutamine and 

penicillin-streptoixiycin is added and the volume is adjusted to 100ml with MEM. The 
general cell culture medium is filtered into a sterile container using a Nalgene 150 ml 
SFCA membrane 0.2mM filter. The general cell culture medium is stored at about 4T 

20 CNS Cell Culture Composition (also termed CNS plating medium with ACG) 

78 ml minimum essential medium (MEM) 

10 % (v/v) heat inactivated horse serum (HS) 

10 % (v/v) heat inactivated fetal bovine serum (FBS) 

20 mM D-glucose 
25 2 mKi L~glutamiiie 

100 U Peniciiiin-streptomycin 

400 mM ascorbic acid (A) 
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2 mM glutathione (G) 
306rnM N-acetylcysteine (C) 



100 ml of the CNS cell culture medium composition is prepared by adding lOml of each 
5 horse serum and fetal bovine serum to D-glucose. The appropriate amounts of 
glutathione, ascorbic acid, and N-acetylcysteine are added (in this order) in combination 
with 1ml of each 200 mM L-glutamine and penicillin-streptomycin and the volume is 
adjusted to 1 00ml with MEM. The CNS cell culture medium composition is filtered into 
a sterile .container using a Nalgene 1 50 ml SFCA membrane 0.2mM filter. The CNS cell 
10 culture medium composition of the present invention is stored at about 4"C. As will be 
evident to someone of skill in the art there exists numerous ways of combining 
components to arrive at the CNS cell culture medium composition of the present 
invention, without departing from the scope of the present invention, and are fully 
contemplated by the method of the present invention Further, the CNS cell culture 
1 5 medium composition may further comprise CNS cells. 



CNS Cell Crvopreservation Composition 

78 ml minimum essential medium (MEM) 

20 mM D-glucose 
20 1 0% (v/v) heat inactivated horse serum (HS) 

10% (v/v) heat inactivated fetal bovine serum 

2 mM L-glutamine 

100 U Penicillin-streptomycin 

8% (v/v) DMSO 
, 25 400 mM ascorbic acid 

2 mM glutathione 

306 mM N-acetylcysteine 
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10 ml ofCNS cell cryopreservation composition may be prepared as follows: 10 ml of 
general cell culture medium is added to 6 mg of glutathione. The solution is dissolved 
and filtered. To 8.7 ml of the solution comprising glutathione is added 800 ml ofDMSO, 

400 ml of a l OmM stock of ascorbic acid and 100ml of a SO-emlv-f stock of N- 
5 acetylcysteine. The solution is made about 10 minutes before use and allowed to 
equilibrate at 3TC prior to use. As will be evident to someone of skill in the art there 
exists numerous ways of combining components to arrive at the CNS cell 
cryopreservation composition of the present invention, without departing from the scope 
of the present invention, aiid are folly contemplated by the raethod of the present 
10 invention. Further, the CNS cell cr>'opreservauon composition ofthe present invention 
may comprise CNS cells. 



Cortical Cirowth Medium 

89 ml Dulbecco's modified eagle medium (DMEM) 
1 5 1 0% (v/v) heat inactivated horse scrum (HS) 

lOOU penicillin/streptomycin 
100 ml of Cortical growth medium is prepared by adding 10 ml horse serum and 1 ml 
penicillia'streptomycin and the volume is brought to lOOml with DMEM. The solution 
is filtered into a sterile container using a Nalgene 1 50 ml SFCA membrane 0.2 mm filter. 
20 The Cortical growth medium is stored at a temperature of about 

EXAMPLE 2: Enteric Neuron Isolation, Culturing and Cryopreservation 

A-.....Tjss^s Isolatioja 

Male Sprague Dawley rats 200-300g (Charles Eiver laboratories, Canada) ai-e sacrificed 
25 by cervical dislocation according to Canadian Council on Animal Care guidelines, and 
a 30cm segment of ileum isolated. This tissue is flushed with freshly-prepared gassed 
(95% COj, 5% Oj) Kreb's solution (7.36g/L NaCl, 0.385g/L KCl, 0.166g/L 
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NaH^PO^Ip), 0.245g/^L MgCIi.6H20, 0368g/L CaClj.2H A 2.0g/L glucose, and2;lg/L 
NaHCOj) to remove intestiaal contents, and the tissue is maintamed in continuousiy- 
gassed Kreb's solution on ice until processed for dissection. Dissection of intestinal 
segments is visualized using a dissecting microscope, with tissue pirnied out in glass 

5 dissection trays filled witli oxygenated Kreb's solution. Segments (3cm) of the ileimi, 
cleared of adherent connective tissue, are cut longitudinally close to the point of 
mesenteric attachment and pinned out, mucosal side upwards ready for fine dissection of 
the myenteric plexus/longitadinal muscle layers. Throughout dissection, the tissue is 
maintained immersed in continuously-gassed Kreb's solution. Using the bkmt edge of 

0 curved forceps, the mucosal layer is carefiilly scraped away from underlying gut wall. 
Using fine forceps, the remaining mucosa, muscuiaris mucosae and circular muscle, 
together are carefolly separated away fioni the myenteric plexus/iongitiidinal muscle 
layers imderrieath. Any reniaining circular muscle fibres are careMly dissected away 
from the myenteric plexus. 

5 

B. EnzvTOatic Dissociation of ENS Cells 

The isolated 'laminar preparations' of myenteric plexusAongitudinal muscle are 
©nzymatically processed for ceil dissociation under sterile conditions in a laminar flow 
culture hood. Isolated iaminar preparations are placed in a container of 10ml of filter- 
iO sterilized Hanks Balanced Salt Solution pH 7.3 containing 100ml ofpapain H and 1 .Omg 
of L-cysteine. The preparations are incubated for lOmin. in a 37°C water bath. The tissue 
is then rinsed in a w^hing medium composed of Leibovitz's 5 medium comprising 
10% fetal bovine serum, 2mM L-glutamine, 15 mM glucose and lOOU penicillin- 
streptomycia, prepared as described in Example 1. 

15 

After rinsing, the tissue is incubated (37°C, water bath) for 10 min in 10 ml of 
Hanks Balanced Salt Solution containing iOmg ofcoUagcnase type I and 40mg of disp^e 
n. The tissue in this solution is then gently triturated with a flame-polished Pasteur 
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pipette until cells aie dissociated. This medium of dissociated cells is centrifiigsd at 4"C 
for 5 imn. at 500 rpm, the supernatant removed from the precipitated cells, and the cells 
are resuspended in 8ml of L-15 washing medium. Ceiitrifugation is repeated for 5 miii. 
at 500 rpm and 4"C,, and the resultant precipitated cells resiispended in Cell culture 
5 composition composed of 90% hlEM, 2.5% rat serum, 2mM L-glutamine, 15mM 
glucose, lOOU penicillin-streptomycin, lOmM fluorodcoxy-uridine, ImM cytosine 
arabinoside and 0.5mM iiridine triphosphate. 



C. Freezing ENS cells 

10 125jil of the 14% DMSO is placed into a labelled 1.8ml volume cryovials and set aside. 
The tube containing the dissociated ceils is cleared of supernatant using a vacuum pump. 
1ml of cell culture composition is added to the tube and the cells are gently re-suspanded. 
125j.il of the cell suspension is then transferred to a 15ml volume centrifuge tube and 
SOOfil of Cell culture composition added. With the cell suspension thoroughly mixed, 

15 the suspension is transfen-ed to ctyoviais containing 14% DMSO (ratio is UOixi 
suspension to 125|il ofDMSO) giving a final concentration of 7% v/v DMSO and these 
are placed in aNalgene "Mr. Frosty" TC freezing container in a -SO^C freezer overnight. 
hi m alternate embodiinent, the cells maybe fi-ozen with the aid of a computer integrated 
freezing system, for example, but not limited to the system available from Thennoforma. 

20 The cryovials are then transferred to long term liquid nitrogen storage. 
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D. Thawing ENS cells 

A cryovial of cells stored in liquid nitrogen is removed and placed in a 37°C water 



composition is added. The cells are re-suspended and mixed well. 1 00 fil aliquots of 
5 cell suspension are removed for cell culture. Plated cells are kept in a 3TC incubator 
(gassed with 95% COj, 5% Oj) for at least six hours. After six hours, ENS cell culture 
composition (37°C) is added and the cells returned to the incubator. 

E. ENS Cell Culture 

1 0 ENS cell suspensions (freshly prepared or thawed cryopreserved cells) are plated at about 
10^ cells / mm^ onto glass cover slips or sterile glass LabTek chamber slides (VWR 
Canlab) coated with Matrigel matrix (VWR Canlab). Cultures are maintained at 3TC 
in an incubation chamber (gassed with 95% CO., 5% 0,), and ENS cell cutoe 
composition is changed after the initial 24 hr incubation and every subsequent 72 hrs. 

15 The cell cultures are observed microscopically using phase contrast upon plating and 
every subsequent 24 hrs to monitor the progression of cell adhesion and process 
extension. Preferably, cultures are removed from their incubator for periods less than 
about 10 min. ENS cultures arc generally used in experiments about seven days after 
plating. 



ENS cells are fixed iri 4% parafonnaldehyde (w/v) comprisixig 0.2% picric acid (w/v), 
O.i M sodium phosphate buffer (pH 6.9) for 60 min. The ceils ax'e tiien rinsed several 
times and kept in 0.01 M sodium phosphate buffered saline (PBS) at 4°C. Coverslips are 
25 removed from 24-well tissue culture plates with fine forceps and excess PBS is removed 
with tissue. The cover slips are placed onto microscope slides and glued on the slide by 
appl>ing nail polish to the edge of the eoverslip. PBS is added to the coverslip to prevent 
the sample from drying out. The coverslips are incubated with the primary antibody at 



bath fox 3 min. In a steriie laminar flow hood, 300p.i of 37''C ENS cell culture 



20 
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working dilutioxi overnigfit at 4°C. The primary antibodies are diluted in 0.3% Triton X~ 
100 (SigxTia) in O.OI M PBS, All incubations carried out in humidified chambers. The 
sample are rinsed in 0.01 M FBS after primary antibody incubation for a minimum of 3 
times, each for a period of 10 minutes, The primary antibodies are visualized using 
5 fluorescence conjugated secondary antibodies at the appropriate working dilution. 
Secondary antibodies are incubated with cells for 40-60 min at 37°C in humidified 
chambers. Labelled cell samples are mounted in 0.9% sodium chloride-glycerol (1 .10) 
containing p-phenylenediamine (Img/ml), 

10 .Microscopy: The immuTJohistochemical staining patterris of the cells may be evaluated 
by any method known in the art. Immunohistochemicai staining pattern are evaluated 
using a Zeiss Axiophot II microscope equipped with an epifluorescence (Hg-lamp) lamp 
and appropriate filter sets (excitation/emis.sion) for the fluorophorss (FITC: 45)0/525 nni, 
Texas Red: 590/620 nm). Digital images of the cultures are captured using Northern 

15 Eclipse software and are printed unaltered except for text labeling, brightness/contrast 
correction and inversion to a negative image. Live cultures are routinely monitored for 
growth by microscopy using an inverted microscope and phase optics - after fixing and 
immutiostaining cultures are examined for morphology using Normaski contrast optics 
with low glycerol mounting medium to preserve refractive index differences within tlie 

20 cell cultures. . 

Cell counts of immmohistochemically stained cultures: Cells are counted from five 
arbitrary areas (fields) of each covcrslip. Fields/locations are the same for each coverslip 

m& include 4 cardinal peripheral fields .and the center of the coverslip. Each area is 
25 photographed using fluorescence microscopy and a 20x objective. Digital images are 
analyzed using Northern Eclipse software (manual count tool). To enable counting of 
clusters of cells, the area of the coverslip shown in the image is viewed simultaneously 
through the microscope. In all experiments, two coverslips from each treatment group are 
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counted and the data sets are graphed. 

Morphological identification of cell types: A rabbit polyclonal anti-neuron-specific 
enolase (NSE) primary antibody (1:400 dilution) (Dako) is used in conjunction with a 
5 secondaiy Cy3-conjugated donkey aiiti-rabbit antibody, diluted 1:100 (Jackson), for 
visualization of enteric neurons. A rabbit polyclonal aiiti-glial fibrillary acidic protein 
(GFAP) primary antibody (1 :400 dilution) (DakoPatts) is used with a secondary FITC- 
conjugated donkey anti-rabbit IgG diluted 1 :80 (Chcmicon) for glial cell visualization. 
A mouse monoclonal anti-vimentin primary antibody (1:800 dilution) (Boehringer 
10 Mannheim), is bound by a secondary Cy3-conjugated sheep axiti-mouse IgG diluted 1 : 100 
(Sigma). Both enteric glial cells and fibroblasts positively stain for the presence of 
vimentin, facilitating morphological identification and differentiation of these cell types 
in culture. 

1 5 For other immunohistochemical studies, a mouse monoclonal anti-smooth muscle 

actin primary antibody (1 : 100 dilution) is used witli a secondar>' FITC-conjugated goat 
anti-mouse IgG (1:80 dilution) (Am Qualex) for smooth muscle cell visualization. A 
rabbit polyclonal anti-macrbphage primary antibody (1 :400 dilution) (Accurate), which 
labels macrophages, and a rabbit polyclonal anti-histamine primary antibody (1:200 

20 dilution) (Incstar), which labels mast cells, gut endocrine cells and blood cells, are both 
bound by a secondary FTrC-conjugated donkey anti-rabbit IgG (1:20 dilution) 
(Amersham). A mouse monoclonal anti-ckit primary antibody (1 :200 dilution) (Santa 
Cruz) is used in conjunction with a secondary FITC-conjugated goat anti-mouse IgG 
(1:20 dilution) (Am Qualex) for visualization of interstitial cells of Cajal. 

25 

Immunohistochemical characterization of neuronal subtypes: A rabbit polyclonal 

anti-nitric oxide synthase (NOS) antibody (1:400 dilution) (Santa Cmz), a rabbit 
polyclonal anti- vasoactive intestinal polypeptide (VIP) antibody (1:400 dilution) 
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(Peninsula), arabbit polyclonal axiti-met-eiikq>halm (Met-Enk) antibody (1 ^ 
and a rabbit polyclonal anti-gaiTmia aminobiit;,Tic acid transaminase (GAB A-T) antibody 
( i :400 dilution) is used. For all of these primary an tibodies, a Cy3 -conjugated donkey 
anti-rabbit secondary antibody (1 : 100 dilution) (Jackson) is employed. Finally, a mouse 
5 monoclonai anti-somatostatin (SOM) antibody (1:100 dilution) is used in conjunction 
with a secondary FITC-conjugated goat anti-mouse IgG (1 :20 dilution) (Am Qualex). 

NOS histochemistry: NADPH-diaphorase histochenaical staining for nitric oxide 
synthase (NOS) activity is psifonned accofding to the method of Nichols et al, 1994, 

10 which is herein incorporated by reference. Fixed cultures are rinsed in 10 n -M PBS .. NO 
synthase reaction medium (1 mM NADPH, 0.5 mM nitroblue tetrazohum, 0.3% Triton 
X-100 in 10 mMPBS (pH 8.0)) is applied, and culture slides incubated in a daric, moist 
chamber at 3TC for 1 lir. Slides ai-e rinsed in lOmM PBS for 1 5 min., md in decreasing 
concentrations of 100 mM PBS, 50 mM PBS, 25 mM PBS, and 12.5 mM PBS for 1 min. 

15 each. Each slide is air-dried and a coverslip is mounted thereupon using Tris-Glycerol 
1:3. The histochemical product for NADPH-dcpcndent diaphorasc, indicating NOS 
activity, is photographed under bright-field conditions. 

Qtmntitadon: Ciutiires of cryopressrved cells are compared to fresh non-fix)zen ' 
20 myenteric cell cultures from the same animal. Cell survival is assessed 7 days after 

plating. Dissociated cells are evenly aliquoted amongst cryo vials and culture slides, to 
ensure that the number of cells in the non-frozen and frozen cell cultures, are 
approximately equal. For quantitation, neurons stained for anti-neuron-specific 
enolase (NSE) are counted manually. 

25 

Hoechst 33258 histochemistry stains the nuclei of all cells present, maybe used 
in the detennination of total cell numbers in culture. In this procedure, 2.5 mg/mL 
Hoechst 33258 is applied to irnmunohistochemically-stained cultures for 10 minutes at 
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room temperature. Slides are then riiised in lOmM PBS and mounted under a diluted 

fluorescence fade-retarding mounting inediiini (img/ml p-phenylenediamine in 0.9%' 
NaCI, 10% glycerol). Total cell numbers me counted manually. 

5 ApoptQtic cells, visualized with Hoechsi 33258 staining, exhibit characteristic 

clii'omatin condensation, and are excluded from total numbers of surviving cells. 
Immunohistochemically-iden ti fiablc neurons exhibiting apoptotic chromatin 
condensation are also excluded from total numbers of surviving neurons. 

1 0 Cell survival in cultures of cryopreserved cells may be expressed as a percentage 

of cell sui-vivai in unii-ozeQ control cell cultures, Analysis is performed using one-tailed 
Student's t test, vvitii significance considered established at p<0.05. 

Upon plating, miifonn roimded cells devoid of processes occuning either ■ 
15 singly or in small clumps, rapidly precipitate to the bottom of chamber wells. By 
about 24 hrs, non-viable cells and cell debris may be seen floating within the cell 
culture composition, while aggregates of viable cells are attached to the culture 
substrate. Also, some glial cells (identified by initial cell body flattening arid 
cytoplasmic expansion) may be attached to the substrate. Although the majorit>' of 
20 cells continue to exhibit a uniform rounded appearance, a small number of cells 
extend short processes. By about 48 hrs after plating, cells flatten onto the culture 
substrate and demonstrate clear cell-type morphologies. Smooth muscle ceils, 
lymphocytes, macrophages, mast cells, endocrine cells, and interstitial ceils of Cajal 
normally present within the intact adult rat ileum, are depleted in the primary cell 
25 cultures (not shown). 
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Neurons ciister together to form aggregates, often extending several branching 
processes which are enpassant with mar.y other cell bodies, processes or both witliin the 
same cluster or in neighboring neuronal clusters. The growth patterns of enteric neurons 
suggest that these cells adhere to and grow over glial cells. Fibroblasts maybe present in 
5 cultures, however, upon careful dissection of the tissue of interest, the nurnber of 
contaminating fibroblasts remain low. The enteric neurons continue to extend branching 
processes, and by about 7 days in culture form complex networks of interconnecting 
'ganglia-like" stractures. 

10 hnmunohistochemical staining of primary cell cultures with anti-neuron specific 

enolase suggest that primary ENS cell cultures are morphologically similar to their 
unfix)zen counterparts (Figure 1 A). Enteric glia contain the intermediate filament protein 
GFAP, and anti-GFAP staining suggests large glial cell aggregates in cultures prepared 
according to the method of the present invention (Figure IB). Staining for the presence 

15 of the mesenchymal intermediate filament protein vimentin, suggests the presence of 
small numbers of morphologically-identifiable fibroblasts (Figures IC). These cells are 
generally present in isolated small clusters, and constituted less than about 10% of the 
total cell population in culture. 

20 Staining for tS'pical enteric neuronal subtypes, as indicated by neurotransmitter 

localization, including VIP (anti- vasoactive intestinal peptide), SOM (aiiti-somatostatin), 
and NO (anti-nitric oxide), suggest that many types of neuronal cells are present in 
cryopreserved cell cultures (Figure 2 A), with frequencies and morphological 
characteristics similar to those in the unfrozen control cell cultures (not shown). 

25 

Nitric Oxide (NO) neuron activity (demonstrated by NADPH-diaphorase staining 
for NO s>iit.hase activity) is also evident in cryopreserved, thawed cell cultures (Figure 
2B). Immuiiostained and diaphorase stained neurons coixespoiid with tliose identified 
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morphologically as neurons with Dogiel Types I and II morphologies which normally 
present in the mammalian myenteric plexus in vivo. 

Quantitative evaluation of the cultures established from cryopreserved cells 
5 suggests that cell vlabiiity does not significantly differ from control cultures plated 
directly from urifrozea cells (Figure 3). In addition, tlie cultm-es established from 
cryopreserved cells display similar morphological and neurochemical characteristics to 
unjfrozen control cell cultures. 

10 The cryopreserved myenteric neurons in culture also display functional 

similarities. Cryopreserved cells which axe thawed and cells that do not undergo 
cr>'opreserv'atioii exhibit AH- and S-l>pe electrophysiological responsss (Figure 4) 
which are similar to those observed by myenteric neurons in vivo. Patch Clamp 
electrical recordings were performed on 10 day old cultures of rat cortical neurons 
15 treated with the above cryopreservation protocol and stored frozen for 105 days 

(Figure 4B). These recordings were compared to recordings obtained from 10 day old 
control 'unfrozen' cortical cells, cultured fresh from the same cortex (Figure 4A). 
The electrophysiological characteristics of cryopreserved cortical neurons in culture 
are similar to those obtained using 'sister' cultures of unfrozen cells 

20 

EXAMPLE 3: CNS Cell Isolation, Culturing and Cryopreservation 

A. .Animals 

Timed pregnant female Sprague-Dawiey from Charles River are used. Rats 
25 are housed singly in type IV Macrolonc cages (57x35x17 cm) with wood shaving 
bedding which is changed twice a week. A 12 h light/dark schedule is used and the 
room temperature is maintained at 20 ± 0.5°C with a relative humidity of about 40- 
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50%. Timed pregnant animals are delivered to a vivarium in the second week of 
gestation and maintained on standard rodent chow and water till El 9. Animals are 
housed, handled and sacrificed in accordance with the guidelines of the Canadian 
Council on Animal Care (CCAC). 

5 

B. Tissue Dissection 



Ail work stations are thoroughly sterilized with UV light and 70% ethanol 
before use. 

10 The dissected regions are transferred immediately to culture dishes cdntaining 

PBS kept on frozen ice packs. iVfter 16 cortices have been collected, the culture dish 
is placed in a temperature monitored refrigerator and is kept under those conditions 
until the dissection process is completed. All steps from the trituration to the 
aliquoting are performed on ice. The cr\'ovials are labelled prior to dissection and kept 

15 in a temperature monitored refrigerator before and after filling. 



A tat is sacrificed by cervical dislocatiou and placed in apre-cleaned 
flowhood. The abdomen is washed with 70% ethanol, opened (using large scissors) 
and the embryonic sacs removed (large forceps) and transferred to cold sterile PBS 

20 (0. 1 M). Each sack is opened and the embryo removed and transferred to sterile cold 
PBS. The head is separated using small scissors and transferred to cold, sterile PBS. 
The heads are transferred to a new pre-cleaiied flowhood where tlie brains are 
removed by opening up the skull using 45° angled trident scissors and by peeling the 
scalp and cranial bones off to the sides using curved forceps. The brain is gently 

25 scooped out of the cranial cavity (back end of the curved forceps) and placed into cold 
sterile PBS. The head is held in place through the dissection by the tips of the straight 
forceps placed into the cranial orbits. The dissected brains (in sterile cold PBS) are 
transferred to a pre-cleaned flowhood equipped with a dissecting microscope (Zeiss 
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Stemi DV4). Each brain is moved over to fresh sterile cold PBS and placed under the 
microscope. The araclmiocl rriater is removed with a ciirved forceps. This procedure 
reduces red blood cell containinatioii. The oifectory bulbs are removed and the 
caudate and putaraen dissected away from the cortex (curved forceps) and transferred 
5 to sterile cold PBS. Unwanted tissue (hippocampus, basal forebrain) is removed from 
the cortex, and the cortex is then transferred to fresh sterile cold PBS. The total cell 
number obtained per embryo is about 10 million for the cortex and about 4 million for 
the caudate putamen. 

10 C. Dissociation ofCNS cells 

Cortices and striata (caudate putamen) are collected in cold PBS 
(approximately 2 mis in 35 mm petri dish) and transferred to a pre-cleaned laminar 

flow hood. The tissue and PBS are gently drawn into a 1 0 ml pipette and transferred 
to a 15 ml tube. An equal volume of a cell culture medium comprising (MEM + 20 

15 mM D-glucose + 2 roM L-glutamine + 10% (v/v) heat inactivated fetal bovine serum 
(FBS) iO% (v/v) heat inactivated horse senim (HS) + 1 U/mL penicillin 
streptomycin) is added to the tube and it is spun for 6 min at 11 ,000 rpm. The cell 
culture medium may also comprise the CNS cell culture medium composition of the 
present invention. Supernatant is removed and cell culture composition (comprising a 

20 volume of about 1 ml less than the number of brains dissected) is added to effect a 
superficial rinse. .A. 10 ml pipette is used to gently triturate the cells bst%veen about 10 
and about 14 times. Preferably no bubbles are created in performing this step. CNS 
cells derived from tissue prepared according to the method of the present invention 
appears cloudy suggesting the presence dissociated cells in suspension. Preferably, 

25 the CNS cell suspension contains little visible particulate matter. In the event that 
paiticulates are present, the tissue may be gently triti3rated up to about 4 additional 
times. Following this step, the contents of tlie tube are allowed to stand for about 1 
min allowing tissue aggregates to settle out of solution. The solution is subsequently 
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transferred to a second tube leaving any tissue aggregates behind. To quantitate the 
number of cells in the solution an aliquot of the solution may be removed for 

counting. 



5 CNS Cell counting: The concentration of CNS cells per ml of solution may be 
estimated by mixing 50 ui of trypan blue with 50 al of CNS cell suspension, 
withdrawing 10 jil of this mixture and counting the cells in a hemocytometer. 
Specifically, CNS cells in the four corners of a hemocytometer may be counted . The 
cell concentration in the suspension may be estimated using the following formula: (# 
10 of cells / # of comers counted x dilution factor x 10* =^ # of cells/ml). However, as 
would be evident to someone of skill in the art, there are other methods known in the 
art to estimate the concentration of cells in suspension. Any of these cell counting 
methods may be employed in practising the present invention. 

15 C. CNS Cell Culture 

An estimate of the number CNS cells per ml is performed as discussed 
previously herein. Based on this estimate, an ahquot containing about 2,000,000 CNS 
cells is diluted to a final volume of about 4 ml with the CNS cell culture medium 

composition of the present mvention. 1 mi is added to each well of a 24-wsll sterile 
20 tissue culture plate (Sarstedt) that contains a round 12 mm glass coverslip (Fisher 
Scientific) coated with Matrigel (Becton Dickinson). The cell culture plates are 
placed in a 37°C incubator with 5% COj in air atmosphere. Four hours after plating 
the CNS cells, the CNS cell culture medium composition of the present invention is 
removed axid fresh 37°C CNS eel] culuire medium composition is added (without 
25 antioxidants). Mitotic inhibitors (Sigma) are added at day 4 at a concentration of 15 
jig/ml of fluorodeoxyuridine and 35 \ig/ml of uridine triphosphate in the cell culture 
composition. On day 7, half the cell culture composition is removed aiid replaced with 
growth medium (DMEM + 10% heat inactivated HS+ 100 U penicillin streptomycin) 
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at 37°C or the cultiu-es are fixed with 4% parafonnaMehyde (w/v) and 0.2% picric 
acid (w/v) in 0. 1 M sodium phosphate buffer (pH 6.9) for 60 min for 
immunohistochemistry. 



5 Prq?aration of coverslips Coversiips (round, tlnvii, Fisher Scientific, tliickness=l) 
are soaked in 3% HCi in distiiled water for 1-24 hours. After an appropriate period 
the coverslips are rinsed in culture grade water 10 times, soaked in 1% sodium 
carbonate in distilled water for 1-2 hours, rinsed in culture grade water 10 times, dried 
in a 100"C hot aii- oven (Stable-Therm, Fisher Scientific) for 1 hour and then sterilized 
10 in a 200'^C hot air oven for 2 hours. A 1 ml aliquot of Matrigei (1:10 in MEM, stored 
at -20°C) is thawed at +4°C, and added to wells of the 24 well tissue culture plate 
containing 1 sterile coverslip per well, Matrigei or other suitable coating is applied to 
the area used for cell growth. Substrates coated witli Matrigei are placed in a 37°C 
incubator for at least 30 min prior to appl>'ing cells. 

15 

D.CNS Cell Freezing 

CNS cells in CNS cell culture medium composition of the present invention 
are centrifiiged at 1 1 ,000 rpm for 6 min. The supernatant is removed and the CNS 

cells are suspended in the cell cryopreserv ation composition of the present invention 
20 (CNS cell culture medium composition + 8% DMSO + 400 p.M Ascorbic acid + 2 
mM Glutathione + 50 jig/ml N-acetyl-cysteine at approximately 5,000,000 cells/ml. 
Subsequently, approx. Iml of the mixture is gently dispensed into 2.0 mlNalgene 
cryo\dals. To avoid inter-tiibe variabiht>' only iwo i ml aliquots are removed at time 
and dispensed into cr/o vials. The cell suspension is re-suspended 1-2 times betbre 
25 the following t%'0 aliquots. The vials are then placed into a controlled rate freezing 
apparatus, for example, but not limited to the computer interfaced freezing system 
from Thermoforma, frozen, and maintained at -80°C for at least 4 h. The vials are 
then subsequently transferred to long temi liqxiid nitrogen storage. 
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E. Thawing ofCNS Cells 

Frozen CNS cell suspensions are rapidly thawed by placing vials into a 37°C 
water bath for 3 min. Using a 10 ml pipette, the CNS cells are tramferred to a sterile 
15 ml tube and the desired volume of 37°C CNS cell culture medium composition is 
5 added drop by drop (over a period of about 2 min) wMie continually rotating the t\ihe. 
The cell suspension is gently resiispended 5-6 times and plated using about 1 ml/ well 
in a 24-well sterile tissue culture plate (Sarstedt) containing a round 12 mm glass 
coverslip (Fisher Scientific) coated with Matrigel (Becton Dickinson). To avoid CNS 
cells from settling at the bottom of the tube during plating, only 2 mis are removed at 

10 a time and the vial containing CNS cells is rc-suspended 1-2 times betiA^een plating. 
The plates are placed in a 37°C incubator with a 5% COj in air atmosphere. 4 h after 
plating the CNS cell culture medium composition of the present invention is removed 
with a pump and fresh 37°C CNS cell culture medium composition is added. A CNS 
cell culture medium composition comprising mitotic inhibitors (Sigma) is added at 

15 day 4. On day 7 , half th e CNvS cell cullwe medium composition is removed asid 
replaced with a growth mediium (DMEM + 10% heat inactivated HS + 100 U 
penicillin streptomycin) at 37°C or the cultures are fixed with 4% paraformaldehyde 
(w/v) and 0.2% picric acid (w/v) in 0.1 M sodium phosphate buffer (pH 6.9) for 60 
min for immunohi stochemistry. 

20 

Lnmunohistochemistfv of CNS Cell Cultures 

Immunohistochemical markers used to analyze CNS cultures may include Tuj 
1 and PGP 9.5. Tuj 1 is directed against a juvenile form of tubulin, is neuron specific 
and a marker for neuronal processes such as axons and dendrites. PGP 9,5 is directed 
25 against a neuron specific ubiquitin tenninal carboxylase which may comprise up to 

about 2% of neuronal c>'topiasmic protein. ?G? 9.5 labels the cell body and dendritic 
compartments of neurons. The histochexnicai and immunohistochemical techniques 
used to study CNS cells is identical to tiie techniques used to study ENS cells, as 
described above. The results of immunohistocheRiicaf staining and other studies of 
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CNS ceils cryopreserved using the method of the present invention, the CNS cell 
cryopreservation compositioh and CNS cell calture medium composition of the 
present invention are shown in Figures 5 through Figure 12. 

5 Antioxidants such as ascorbic acid, glutathione and N-acetylcysteine improve 

CNS ceil and neuronal survival when these components are included in the CNS cell 
culture medium composition of the present invention. Table 1 shows tlis effect of 
several combinations of antioxidants on neuronal sun-'ival relative to a composition 
which lacks antioxidants. 

10 

Table 1- Antioxidant Effects on CNS Cell Culture Viability 



Ascorbic acid (nM) 


Glutathione (mM) 


N-acetyl-cystein 
(fig/mi) 


Results (cell 
viability)* 


400 










2 










50 


+ 


400 


2 






400 




50 






2 


50 . 


+44- 


400 


2 


50 


4-H-+ 



20 * cell viability is relative to compositions which lack antioxidants. 

Table 1 suggests that CNS cell culture medium compositions and CNS cell 
cryopreservation compositions comprising ascorbic acid, glutathione and N-acetyl 
cysteine enhance neuronal survival during cell culturiug and cell cryopreservation. 
25 The restilts shown in Table 1 are graphically depicted in Figure 9. 

Electrophysiological characteristics of cultured, cryopreserved neuro ns compared to 

unfrozen neurons 

Patch Clamp electrical recordings are performed on 10 day old cultures of rat 
30 ■ cortical neurons treated with the CNS cell cryopreservation composition and stored 
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frozen for 1 05 days. The recordings are compared to recordings obtaiaed from 10 day old 
control 'unfrozen' cortical cells, cultured fresh from the same cortex. 

The results shown in Figure 8 suggest that the electrophysiological characteristics of 
5 cryoprcserved, thawed cortical neurons in culture using the compositions of the present 
invention are similar to those obtained using 'sister' cultures of unfrozen cells. 

Effects of Antioxidants on Glial cells 

The effects of the CNS cell culture medium composition and CNS cell 

10 cr>'opreservation composition on CNS cells is sho-wii in Figure 1 IB. Figure UB suggests 
that there is an increase in the number of supporting glial cells in culture when CNS cells 
are cultured and ciyopreserved using the CNS compositions of the present invention. 
Without wishing to be limiting, the CNS ceil cultures exhibit an abundance of glia 
(shown in Figure 1 IB in two different focal planes) which appear to form elaborate three 

1 5 dimensional arrays amongst the neuronal cells, similar to that which occurs in vivo (not 
shown). 

Crvopreservation of Murine CNS Cells 

The CNS cell cryopreservation and CNS cell culturing compositions of the 

20 present invention may be employed to culture and cryopreserve dissociated, murine CNS 
cells as shown in Figure 12. The CNS cells shown in Figure 12, have been cryogenically 
preser\fed in the composition of the present invention for a period of about 8.5 montlis 
prior to thawing and culturing using the CNS ceil culture medium composition of the 
present invention. Further, the mouse from which the CNS tissue is isolated carries a GFP 

25 ubiquitin transgene and all cells, neural and otherwise, are endogenously fluorescent (not 
shown). 

Example 4: Thawing of frozen rat Cortex Cells 

Rat cortex cells were cryoprcserved as described in the previous examples and subjected 
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to one of several thawing protocols including; 

1 ) Thaw one cryovial by gloved hand until thawed. The time to thaw took 4 minutes aiid 

23 seconds. 

2) Thaw one cryovial in 3TC water bath for 5 minutes. 

5 3) Thaw one ciyovial in 3 7"C water bath for 1 0 minutes. 

4) Thaw one cryoviai la 37°C water bath for 20 minutes. 

5) Thaw one cryovial in 56°C water bath until thawed. In this experiment thawing took 

1 minute and 56 seconds. 

6) Thaw one cr>'OYial in 5ts°C vvatsr bath for 2.5 minutes. 

1 0 Once thawed, the cell suspension was removed and placed in a 1 5ml sterile conical tube. 
Pre-warmed CNS plating media (see Example 1) was added slowly and the cells plated 
at a density of about 1 50,000 cells per well in a 96 well plate. 

7) Thaw one cryovial in STT water bath for2.5 minutes. Once thawed, 500 \x\ of the cell 
suspension was removed and placed in a 15 mi sterile conical tube. Pre-warmed CNS 

15 plating media was added slowly and cells were plated at a plating density of about 
150,000 cells per well in a 96 well plate, the cryovial containing the remaining cell 
suspension was placed in a -80 °C freezer f<St about 1 hour and 20 minutes for refreezing. 
At this point, the tube was removed from the freezer and re-thawed in a 37 *C water bath 
for 2.5 minutes. Pre-warmed CNS plating media was added and cells were plated as 

20 described above. 

8) Store one cryovial at about 4 °C (refrigerator) until thawed. In this experiment thawing 
took about 70 minutes. Once thawed, about 500 jj,! of the cell suspension was removed 
and placed in a sterile 15 ml sterile conical tube. Pre-warmed CNS plating media was 
added slowly and cells were then plated at a density of 1 50,000 cells per well in a 96 well 

25 plate. The cr\'ovial containing the cell suspension was placed in a -80 *C freezer for 90 
minutes for refreezing. At ttiis point, the tube was rexnoved from the freezer and re- 
thawed in 37 "C water bath for 2,5 minutes. Pre-warmed CNS plating media was added 
and cells were plated as described above. 
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On day 4 of culturing, all weiis were treated with antioxidant iahibitors (ACG; See 
Example 1) as described previously and on day 7 all plates were fixed for 

iimnimohistochemistrv'' including PGP, GFAP, and Hoechst's staining. These results are 

showi in Figures 13A-H, The results suggest that the ceils may be thawed by various 
5 methods known in the sat witiiout overly influencing cell quality. As expected, none of 
the cells from the refrozen cell suspension survi ved. 

Example 5: Procedure for mouse cortical dissection 

Sterilize di ssecting instruments for 20 seconds in the hot bead sterilizer. Place a pregnant 
10 animal (about E16) in a Halothane unit and leave until the animal is conscious but 
"sleepy". Using a cervical dislocator, sacrifice the animal and place the animal on an 
absorbent disposable sheet. Soak the abdomen of the animal in 70% Ethanol and using 
the large forceps, pinch and lift the skin of the abdomen. Using the large scissors, cut 
through the skin of the abdomen. Quickly remove the embrv'onic sacs and place them in 
15 the large petri dish of sterile PBS in the ice bucket. Using the medium forceps, pinch the 
outside of the sac and using the niediiiin scissors, cut thi-ougli the sac suiTOunding the 
embryo. Transfer the pup into a small sterile petri dish containing sterile PBS on ice. 
Repeat for the remaining embryos. 

Using the medium scissors remove the head from the embryo and place into a new petri- 
20 dish containing fresh sterile PBS in the ice bucket. Repeat for the remaining embryos. 

Transfer the petri dish containing the embrv'o heads into a laminar flow hood. Place the 
petri dish on an ice pack covered with a 70% ethanol soaked tissue. Remove one head 
and place in a new petri-dish containing fresh ice cold sterile PBS, Using the straight tip 
forceps, pierce the eye sockets of the head and hold against the bottom of the petri-dish, 
25 Using the trident scissors, staning at the base of the skull, cut through the skull towards 
the front of the head keepmg the scissors at an upward angle. Use the curved tip forceps 
to pull each side of tlie skull to the side to expose the brain. 

Use the curve ofthe curved tip forceps starting at the front of the sbiil to gently push the 
brain out of the skull. Use the curved tip forceps to pinch the brain from the base of the 
30 skull if it is still attached. 
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Use the curved tip forceps to scoop (not pinch) the brain to transfer the brain to a new 
petri-dish containing &esh sterile PBS on the ice pack. Repeat for tiie rsmaiaiiig heads. 
Place sterile small petri dishes filled with ice cold sterile PBS on the ice pack and label 
them Cortex and hippocampus or any other region being collected. 
5 Place one brain in a new 35mm petri-dish containing ice cold sterile PBS and place under 
a dissecting microscope set at the lowest level of light coming from below. Refer to the 
dissection diagram sheet. With the brain ventral (bottom) side up, use one curved tip 
forcep to pierce the center of the brain to hold it to the bottom of the petri-dish. Using 
the second cus-ved tip forcep remove the olfactoiy bulbs. 

10 Peel off tlie membrane surrounding the brain that contains the blood vessels (pia matter). 
Flip the brain over (dorsal side up), again pierce the center of the brain and remove any 
remaining membrane. Fold out one side of the brain and using the curved tip forceps 
remove the hippocampus, septum and the striatum: Pinch off the isolated cortex and 
place in the petri-dish containing fresh sterile PBS that is sitting on ice. Repeat for the 

1 5 other half of the brain . 

Repeat the above procedure for any remaining brains. Change the PBS in the dissection 
dish (under the microscope) after every second brain dissected with fresh ice cold sterile 
PBS. 

Once all cortices have been isolated, transfer the dishes to a biological safety hood and 
20 use a stenle 10ml pipet to gently transfer the cortices to a sterile 50ml conical tube, 
avoiding air bubbles. Maice note of the volume transferred. Place a maximum of 16 
cortices per tube (8 whole brains). 

Add a volume of ice cold CNS plating media equal to the volume already in the tube. 
Place the tube on ice. Repeat for any remaining tubes. Centrifuge the tubes at 1 100 rpm 
25 for 6 min. 

After centri.fligation remove the supernatant from the 50 ml tube using the pump and a 
Pasteur pipette. To the 50ml tube containing the cortices, add sterile CNS plating media 
(CNS cell culture medium composition (see Example 1) lacking antioxidants) to a 
volume equal to 1 ml per brain less one ml (ie, if there are 16 cortices in the tube add 
30 media to a fmal volume of 7 ml). Place the tubes on ice. 
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Using a 10ml sterile pipette triturate (aspirate and dispense) the cortices 13 times. Ixok 
at the suspension and if there are large pieces of cortex remaining triturate a few more 
times to a maximum of 1 8 times, avoiding air bubbles. Let the tube sit on ice for 1 mia 

to allow the large pieces to settle at the bottom of the tube. 

5 Trai5sfer the supemaiaut with a sterile lOmi pipette to a new sterile SOmi conical tube 
without disturbing the large pieces at the bottom of the tube. Make note of the volume 
of supernatant transferred. Place the tube on ice. Add the supernatant from any 
additional tubes to the same tube. 

Invert the. tube gently several times to ensure as evea dispersion of cells in suspension. 

iO Remove 50.uL of the cell suspension and count tlie ceils. Remove tlie volume of cell 
suspension needed to plate fresh cultures. Centrifuge the remaining cells suspension at 
1100 rpm for 6 min. Using the pump and a sterile glass Pasteur pipette remove the 
supernatant. To the cell pellet add the volume of CNS cell ciyopreservation composition 
media that results in 4 million cells per ml. Mix very gently until cell pellet is 

15 resuspended. Aliquot 1ml per vial. Transfer the vials to the programmable freezing unit 
and freeze the cells using the Programmable Freezing Unit SOP. 

FRESH CULTURES 

20 Once the cell count has been determined, plate cells for fresh culture verification 
(500,000 cells per well in 24-weli culture plates or 100,000 cells per well of 96~well 
plate). 24 hours after plating change the media with fresh 37°C CNS plating media. On 
day 4 of culture, change media with fresh 37°C CNS plating media with mitotic 
inhibitors. 

25 

Culturing of Previously Cryopreserved Cells 

Thaw a vial of cells at 37°C for 2.5 minutes. Transfer the cells to a 1 5 ml conical tube 
and slowly add 3ml CNS plating media warmed to 37°C. Plate 1 ml cell suspension per 
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weil of a 24-well plate on Matrigei coated coverslips. Remove the media 4 hours .later 
and replace with 1 ml 37°C CNS plating media. Oil day 4 of culture add media with 
inhibitors as per fresh cultures. 

5 Referring now to Figures 1.4A-E there is shown PGP and Tuj sjaining of ciyopreserved 
mouse cortex (embryonic day 16) cultured for 7 days post thaw in CNS cell culture 
medium composition comprising ACG antioxidants [Figyre 14A], and ctyopreserved 
mouse cortex (embiyonic day 1 9) cultiixed for 7 days post' thaw in CNS ceil culture 
medium composition comprising ACG antioxidajits [Figui^e 14B], Figurei4C shows 
1 0 microscopy photographs of fresh mouse hippocampus (post natal day 1) and fresh mouse 
cortex (embryonic day 18/19) maintained in CNS plating media at a density of about 
500,000 cells/ml. Figures 14D and E show GABA-PGP staining of mouse cortical ceil 
cultures. 

15 The results shown in Figures 14A-E indicate that the ciyoprcscrvation and cell culture 
compositions of the present invention may be employed in the cryoprescrvation and cell 
culturing of mouse cortical cells. Further, the cells may be derived from embryonic or 
post natal cortices. Preferably, embryonic cortical cells are obtained from about day 16 
(El 6) embryos. However, embryonic cortical cells of other ages may also be employed 

20 by the present invention. 

EXAMPLE 6: Procedore for Mouse Hippocampus DIssectloss 

Sterilize dissecting uisti Lunents for 20 seconds in tlie hot bead sterilizer. 

Place a pregnant animal in a Halothane unit and leave until the animal is conscious but 

25 "sleepy". 

Using a cemcal dislocator, sacrifice tiie animal and place tlie aiiimal on an absorbent 
disposable sheet. 

Soak the abdomen of the animal in 70% Ethanol and using the large forceps, pinch and 
lift the skin of tlie abdomen. Using the Istrgc scissors, cut through the skin of the 
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abdomen. Quickly remove the enibiyonic sacs and place thsm in the large petri dish of 

sterile PBS in tlie ice bucket. 

Using the medium forceps, pinch the outside of the sac and using the medium scissors, 
cut tlu'ough tiie sac surroundsBg the embryo. Transfer the pup into a small sterile petri 
5 dish coataiiiing sterile PBS on ice. Repeat for the rsmaimng embryos. 

Using the medium scissors remove the head from the embryo and place into a tiew petri- 
dish containing fresh sterile PBS in the ice bucket. Repeat for the remaining embryos. 
Transfer the petri dish containing the embryo heads into a laminar flow hood. Place the 
petri dish on an ice pack covered with a 70% ethanol soaked tissue. Remove one head 

1 0 and place in a new petri-dish containing fresh ice cold sterile PBS. Using the straight tip 
forceps, pierce the eye sockets of the head and hold against the bottom ofthe petri-dish. 
Using the Indent scissors, starting at the base ofthe skisli, cut tin-ougli the skull towards 
the front ofthe head keeping the scissors at an upward angle. Use the curved tip forceps 
to pull each side ofthe skull to the side to expose the brain. 

15 Use the curve ofthe curved tip forceps starting at the front ofthe skull to gently push the 
brain out of the skull. Use the curved tip forceps to pinch the brain from the base ofthe 
skull ifit is stili attached. 

Use the curved tip forceps to scoop (not pinch) the brain to transfer the brain to a new 
petri-dish containing fresh sterile PBS on the ice pack. Repeat for the remaining heads. 

20 Place sterile small petri dishes filled with ice cold sterile PBS on the ice. Place one brain 
in a new 35mm petri-dish containing ice cold sterile PBS and place under a dissecting 
microscope set at the lowest level of Ught coming from below. Refer to the dissection 
diagram sheet. With the brain ventral (bottom) side up, use one curved tip forcep to 
pierce the center ofthe brain to hold it to the bottom ofthe petri-dish. Using the second 

25 curved tip forcep remove the olfactory bulbs. 

Peel off the membrane surrounding the brain that contains the blood vessels (pia matter). 
Flip the brain over (dorsal side up), again pierce the center of the brain and remove any 
remaining membrane. Fold out one side of the brain and using the curved tip forceps 
remove the hippocampus. Transfer the isolated hippocampus to a petri-dish containing 

30 fresh sterile PBS that is sitting on ice. Repeat for the other half of the brain. 
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Repeat the above procedure for any remaining brains. Change ttie PBS in the dissection 
dish (under the microscope) after every second brain dissected with fresh ice cold sterile 
PBS. 

Once ail the hippocampus has been isolated, transfer the dishe to a biological safety hood 
5 and use a sterile 10 ml pipet to gently transfer tfie tissue to a sterile 15ml conical tube, 
avoiding air bubbles. Make note of the volume transferred. 

Add a volume of ice cold CNS plating media equal to the volume already in the tube. 
Centrifuge the tubes at 1100 rpm for 6 min. 

After centrifugation remove the supernatant from the 15 ml tube using the pump and a 
10 Pasteur pipette. To the 15ml tube containing the tissue, add 2 ml sterile CNS plating 
media. Using a sterile flamed tipped Pasteur pipette triturate (aspirate and dispense) the 
tissue 13 times. Look at the suspension and if there are large pieces of tissue remaining 
triturate a few more times to a maximum of 18 times, avoiding air bubbles. Let the tube 
sit on ice for 1 min to allow the large pieces to settle at the bottom of the tube, 

1 5 Transfer the supernatant with a sterile flamed tipped Pasteur pipette to a new sterile 1 5ml 
conical tube without disturbing the large pieces at the bottom of the tube. Make note of 
the volume of supernatant transferred. 

Invert the tube gently several ti mes to ensure an even dispersion of cells in suspension. 
Remove 50j.jL of the eel! suspension and count the cells. Remove the volimis of cell 

20 suspension needed to plate fresh cultures. Centrifuge the remaining cells suspension at 
1100 rpm for 6 min. Using the pump, and a sterile glass Pasteur pipette remove the 
supernatant. To the cell pellet add the volume of Cryoprotectant media that results in 4 
million cells per ml. Mix very gently until cell pellet is resuspended. Aliquot 1ml per 
vial Transfer the vials to the programmable freezing unit and freeze the cells using the 

25 Programmable Freezing Unit. 

FRESH CLT^TimES 

Once the cell count has been determined, plate cells for fresh culture verification 
30 (500,000 ceUs per well in 24-wdl culture plates or 100,000 cells per well of 96-well 
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plate). 24 hours after plating change the media wi th fresh 37°C CNS plating media (see 
Example 1 ). On day 4 of culture, change media with fresh 37°C CNS plating media with 
inhibitors as described previously. 

5 Culturing of Previously Crvopreserved Cells 

Thaw a vial of cells at 37°C for 2.5 minutes. Transfer the cells to a 15 mi conical tube 
and slowly add 4.3ml CNS plating media warmed to 37°C. Plate 1 ml cell suspension 
per well of a 24-well plate on Matrigel coated coverslips. Remove the media 4 hours 
10 later and replace with 1 ml 37°C CNS plating media. On day 4 of culture add media with 
inhibitors as per fresh cultures. 

Referring now to Figures 15A-D there is shown results of mouse hippocampal cells 
cryopreserved and cultured using the cryopreservation and cell culture compositions of 
15 the present invention. Shown in Figure 1 5 A is PGP and GABA staining of frozen mouse 

hippocampal cells (postnatal day 1) following thawuig and culturing for 7 days in CNS 
cell culture media comprisii-jg ACG antioxidants. Figui'e i5B shows results of Tuj and 
Gaba staining of crj'opreserved hippocampal ceils {embryonic day 18/19) following 
thawing and culturing for 7 days in CNS ceil culture media comprising ACG 

20 antioxidants. Figure 15C shows cell micrographs of fresh mouse hippocampal and 
mouse cortex cells of post natal day I and embryonic day 18/19 age respectively, 
maintained in CNS plating media at a density of about 500 000 cells/ml. Figure 15D 
shows G ABA-PGP staining ofcryopreserved mouse hippocampal cells (day 1 postnatal) . 
Collectively these results indicate that the cryopreservation compositions and the cell 

25 culture compositions may be enjployed in the cryopresen^ation and cultuiing of mouse 
hippocampus cells of post natal or embrj'onic origin. In an aspect of an embodiment, the 
hippocampus cells aie embiy'onic day 1 8/1 9 cells or day 1 postnatal cells. However, cells 
of other ages may also be cryopreserved and cultured using the compositions as disclosed 
herein. 



30 
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EXAMPLE 7: Procedure for Rat Hippocamptis Disseedoa 
Sterilize dissecting instruments for 20 seconds iii the hot bead sterilizer. 
Place a pregnant animal (£18/19) in a Halothane unit and leave imtil the aoinial is 
conscious but "sleepy". 
5 Using a cervical dislocator, sacrifice the animal and place the animal on an absorbent 
disposable sheet. 

Soak the abdomen of the animal in 70% Ethanol and using the large forceps, pinch and 
. lift the skin of the abdomen. Using the large scissors, cut through the skin of the 
abdomen. Quickly remove the embryonic sacs and place them in the large petri dish of 

10 sterile PBS in the ice bucket. 

Using the medium forceps, pinch the outside of the sac and using the medium scissors, 
cut tlirough the sac suiToundiiig the embryo. Transfer the pup into a small sterile petri 
dish containing sterile PBS on ice. Repeat for the remaining embryos. 
Using the medium scissors remove the head from the embryo and place into a new petri- 

15 dish containing fresh sterile PBS in the ice buckei. Repeat for the remaining embryos. 
Transfer the petri dish contaimng the embryo heads into a laminar tlow hood. Place the 
petri dish on an ice pack covered with a 70% ethanol soaked tissue. Remove one head 
and place in a new petri -dish containing fresh ice cold sterile PBS. Using the straight tip 
forceps, pierce the eye sockets of the head and hold against the bottom of the petri-dish. 

20 Using the trident scissors, starting at the base of tlie skull, cut tlirough tlie skull towards 
the front of the head keeping the scissors at an upward angle. Use the curved tip forceps 
to pull each side of the skull to the side to expose the brain. 

Use the curve of the curved tip forceps starting at the front of the skull to gently push the 
brain out of the skull. Use the curved tip forceps to pinch the brain from the base of the 

25 skull if it is still attached. 

Use the curved tip forceps to scoop (not pinch) the brain to transfer the brain to a new 
petri-dish containing fresh sterile PBS on the ice pack. Repeat for the remaining heads. 
Place sterile small petri dishes filled with ice cold sterile PBS on the ice. Place one htain 
in a new 35mm petri-dish contaimng ice cold sterile PBS and place under a dissecting 
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microscope set at the lowest ievei of light coimng from below. Refer to the dissection 
diagram sheet. With the brain ventral (bottom) side up, use one curved tip forcep to 
pierce the center of tlie brain to hold it to the bottom of the petri-dish. Using the second 
curved tip forcep remove the olfactory bulbs. 

5 Peel off the membrane surrounding the brain that contains the blood vessels (pia matter). 
Flip the brain over (dorsal side up), again pierce the center of the brain and remove any 
remaining membrane. Fold out one side of the brain and using the curved tip forceps 
remove the hippocampus. Transfer the isolated hippocampus to a petri-dish containing 
fresh sterile PBS that is sitting on ice. Repeat for the other half of the brain. 

1 0 Repeat the above procedure for any remaining brains. Change the PBS in the dissection 
dish (under the microscope) after every second brain dissected with fresh ice cold sterile 
PBS. 

Once all the hippocampus has been isolated, transfer the dish to a biological safety hood 
and use a sterile 10 ml pipet to gently. transfer the tissue to a sterile ISml conicai tube, 
15 avoiding air bubbles. Make note of tiie volume transferred. 

Add a volume of ice cold CNS plating media equal to the volume already in the tube. 
Centrifuge the tubes at 1 100 rpm for 6 min. 

After centrifugation remove the supernatant from the 15 ml tube using the pump and a 
Pasteur pipette. To the 15ml tube containing the tissue, add 2 ml sterile CNS piatmg 

20 media. Using a sterile flamed tipped Pasteur pipette triturate (aspirate and dispense) the 
tissue 13 times. Look at the suspension and if there are large pieces of tissue remaining 
triturate a few more times to a maximum of 18 times, avoidmg air bubbles. Let the tube 
sit on ice for 1 min to allow the large pieces to settle at the bottom of the tube. 
Transfer the supernatant with a sterile flamed tipped Pasteur pipette to anew sterile LSml 

25 conical tube without disturbing ths large pieces at the bottom of the tube. Make note of 
the volume of supernatant transferred. 

Invert the tube gently several times to ensure an even dispersion of ceils in suspension. 
Remove SOyL of the cell suspension and count the cells. Remove the volume of ceil 

suspension needed to plate fresh cultures. Centrifuge the remaining cells suspension at 
30 1 100 rpm for 6 'min. Using the pump and a sterile glass Pasteur pipette remove the 
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supernatant. To the ceil pellet add the volume of CNS cell cryopreservation composition 
that results in 4 million cells per ml. Mix veiy gently until cell pellet is resuspended. 
Aliquot 1 ml per vial Transfer the vials to tlie programmable freezing unit and freeze the 
cells using the Programmable Freezing Unit. 

5 

FRESH CUT;rURES 

Once the cell count has been determined, plate cells for fresh culture verification at 
300,000 cells/ml m 37°C CNS plating media + ACG (see Example 1). 24 hours after 
10 plating change the media with fresh 37°C CNS plating media. On day 4 of culture, 
Changs media with fresh 37°C CNS plating media with inhibitors as described 

previously. 

Culturing of Previously Cryopreserved Cells 

15 

Thaw a vial of cells at 37°C for 2.5 minutes. Transfer the cells to a 15 ml conical tube 
and slowly add 9 ml CNS plating media + ACG warmed to 37°C. Plate 1 ml cell 
suspension per well of a 24-well plate on Matrigel coated covcrslips for a plating density" 
of 400,000 cells/ml. Remove the media 4 hours later and replace with 1 ml 37°C CNS 
20 plating media. On day 4 of culture add media with inhibitors as per fresh cultures. 

Referring now to Figures 16 A-E, there is shown results of cryopreserving rat 

hippocampus cells using the cell cryopt esei-vation and cell culture compositions of the 
present ixwention. Shown in Figure 16A at-e comparative photomicrographs depicting 
25 PGP staining from rat hippocampus cells (embrv'onjc day 1 8/19) from cryopreserved and 
freshly dissected specimens treated with CNS cell culture medium composition of the 
present invention with and without antioxidants (ACG; see Example 1). Also shown is 
the effect of B27 supplemented NeuroBasal medium on the cells. The results suggest that 
rat hippocampus cells maybe cryopreserved and cultured using the cell cryopreservation 
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and cell culture compositions of the present invention. 



Figure 16B shows PGP and GAB A staining of cryopresen^ed rat hippocampus ceils 
(embryonic day 18/19) after thawing and maintained in neurobasal medium with B27 
5 plus antioxidants. Figure 16C shows staining of rat hippocampus neurons following 
cryopreservation and culturing in Neurobasal medium comprising B27 and antioxidants. 

Thus, in an aspect of an embodiment, cells such as, but not limited to rat hippocampus 
cells are ciyopreserved, cultured or both cryoprescrved and cultured vnth cell 
10 cryopreservation medium comprising ACG as described in Example 1. In an alternate 
embodiment, cells such as, but not limited to rat hippocampus cells are cryopreserved, 
cultured or both cryopreserved and cultured with Neurobasal medium comprising B27 
antioxidant. 



15 All references arc herein incorporated by reference. 

The present invention has been described with regard to preferred embodiments. 
However, it will be obvious to persons skilled in the art that a nimiber of variations and 
modifications c&n be made without departing from the scope of the invention as 
20 described herein. 
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THE EMBODIMENTS OF THE INVENTION IN ^HICH AN EXCLUSM 
PROPERTY OF PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . Ab ens cell cryopreservation composition comprising nutrient mediiim, semm, 
D-glucose, L-glutaniins, an antibiotic, at least one mitotic inhibitor, and at least 

one cr>'opresen,'ative. 

2. The composition of claim 1 , wherein said nutrient medium is minimal essential 

medium. 

3. The composition of claim 1, wherein said serum is present in an amount of about 

2.5% (v/v). 

4. The composition of claim 3, wherein said serum is rat serum, 

5 . The composition of claim 1 , wherein said L-glutamine is present in an amount of 
about 2mM. 

6. The composition of claim 1, wherein said D-giucose is present in an amount of 
about 15mM. 

7. The composition of claim 1 , wherein said at least one mitotic iiAibitor comprises 
fiuorodeoxyiiridine, cytosine arabinosids, uridine triphosphate or a combination 
thereof. 



8. The composition of claim 7, wherein said fluorodeoxyuridins is present in an 
amount of about 10 mM. 
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9. The composition of claim 7, wherein said cytosine arabiiioside is present in an 
amount of about 1 niM. 

1 0. The composition of claim 7, wherein said midine triphosphate is present in an 
amount of about 0.5 mM. 

11. The composition of claim 7, wherein said composition comprises 
flurodeoxyuridine, cytosine arabinoside, and uridine triphosphate. 

12. The composition of claim 1 1 wherein flurodeoxyuridine is present in asi amount 
of about 10 mM, cytosine arabinoside is present in an amount ofabout ImM and 
uridine triphosphate is present in an amount of about O.SmM. 

13. The composition of claim 1, wherein said antibiotic comprises penicillin- 
streptomycin. 

14. The composition of claim 1 , v/herein said penicillin-streptomycin is present in an 
amount of about lU/ml. 

15. The composition of claim 1, wherein said at cryopreservative is 
■ dimethylsulfoxide (DMSO). 

16. The composition of claim 15, wherein said DMSO is present in an amount of 
about 6% to about 9% (v/v). 

17. The composition of claim 16, wherein said DMSO is present in an amount of 

about 8%(v/v). 
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IS. The use of the composition of claim 1 for cryopreservation of ENS cells. 

19. The use of the composition of claim 18, wherein said ENS ceils comprise primar>' 
cells selected from the group consisting of enteric nervous system neurons, glial 
cells, fibroblasts, or a combination thereof. 

20. . The use of the composition of claim 19, wherein said primary cells comprise 
enteric nervous system neurons. 

2 1 . The use of the composition of claim 1 8, wherein said ENS cells are derived from 
an animal. 

22. The use of the composition of claim 21, wherein said animal is a human, rat, pig 
or mouse. 

23. The use of the composition of claim 21, wherein said animal is a transgenic 
animal, a gene knockout animal, or a combination thereof. 

24. The composition of claim 1 , fisrther comprising primary ENS cells. 

25. A kit comprising the composition of claim 1 and an ENS cell culture 
cpmposition. 

26. ■ The kit of claim 25, further comprising cryopreserved ENS cells. 

27. The kit of claim 26, wherein said cr>'opresetved cells are primary ENS cells. 
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ls. An ENS cell cryopreservation composition coinprising mininiai essential 
medium, about 2.5% (v/v) seram, about 2mM glutaniine, about 15 mM glucose, 
about lU/ml peniciliin-streptomycin, about lOuM fluorodeox)'uridins, about 1 
niM cvtosine arabinoside about 0.5 mM uridine triphosphate and about 7% (v/v) 
DMSO. 

29. The composition of claim 28, further comprising an ENS cell. 

30. . A kit comprising the composition of claim 28 and an ENS cell culture 

composition. 

3 1 . The kit of claim 3 0 further comprising cryopreserved ENS cells. 

32. A method of cryopreserving primary ENS cells, saidmethod comprising the steps 
of 

A) isolating said primarj' ENS cells; 

B) freezing said ENS cells in an ENS cell cryopreservation composition 
• comprising nutrient m'sdiura, serum, glucose, glutamine, an antibiotic, at 

least one mitotic inhibitor and at least one cryopreservative. 

33 . The method of claim 3 2 , wherein said cryopreservative comprises DMSO in an 

amount of about 7% (v/v). 

34. The method of claim 32, wherein said freezing is performed by cooling said ENS 
cells in said eel! cr>'opreseivation composition at a rate of about TC per minute 
from about 37"C to about ~80-C to produce a frozen ceil suspension, and 
transferring said frozen ceil suspension to storage in tiie presence of liquid 
nitrogen. 
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35. A method, of tliawing ctyopreserved ENS cells comprising the steps of 

A) rapidly heating said cryopreserved ENS ceils at a tempsratare of about 
37*^C yntil said ENS cell cryopreservation compositioii is liquid, 

B) diluting said ENS cell cryopreservatior; composition witii an ENS cell 
culture composition, said ENS cell culture composition pre-warmed to a 
temperature of about 37° C. 

36. A CNS cell culture medium composition comprising nutrient medium, serum, D- 
glucose, L-glutamine, an antibiotic, and at least one antioxidant. 

37. The composition of claim 3 6, wherein said nutrient medium comprises minimal 
essential medium, Neurobasal medium comprising B27, or a combination thereof. 

38. The composition of claim 36, wherein said serum is present in an amount of 
about 20% (v/v). 

39. The composition of claim 38, wherein said serum comprises about 10% (v/v) 
horse serum and about 10% (v/v) fetal bovine serum. 

40. The composition of claim 36, wherein said L-glutamine is present in an amount 
of about 2mM. 

41 . The composition of claim 3 6, wherein said D-glucose is present in an amount of 
about 20mM. 

42. The composition of claim 36, further comprising at least one mitotic inhibitor. 
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43. The composition of claim 42, wherein said at least one mitotic inhibitor 
comprises fiuorodeoxwridine, cytosine arabinoside, uridine triphospliate or a 
combination thereof. 

44. The composition of claim 43, wherein said fluorodeoxyuridine is present in an 
amount of about 10 mM. 

45 . The composition of claim 43 , wherein said cytosine arabinoside is present in an 
amount of about 1 mM. 

46. The composition of claim 43, wherein said uridine triphosphate is present in an 
amount of about 0.5 mM. 

47. The composition of claim 43, wherein said composition comprises 
flurodcoxyuridine, cytosine arabinoside, and uridine triphosphate. 

48 . The composition of claim 47 wherein flurodeoxyuridiae is present in an amount 
of about 1 0 mM, cytosihe arabinoside is present in an amount of about 1 mM and 
uridine triphosphate is present in an amount of about 0.5mM. 

49. The composition of claim 36, wherein said antibiotic comprises jjenicillin- 

streptomycin. 

50. The composition of claim 36, wherein said penicillin-streptomycin is present in 
an amount of about lU/ml. 

51. A CNS ceil cryopreservation composition comprising nutrient medium, senmi, 
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D~giucose, L-glutaimne, an antibiotic, at least one antioxidant, and a 
cryopreservative. 

52. The composition of claim 5 1 , wherein said nutrient medium comprises minimal 
essential medium, or Neurobasal medium. 

53. The composition of claim 51, wherein said serum is present in an amount of 
about 20% (v/v). 

54. The composition of claim 53, wherein said serum comprises about 10% (v/v) 
horse serum and about 10% (v/v) fetal bovine serum. 

55. T he composition of claim 5 1 , wherein said L-glutamine is present in an amount 

of abo\5t 2niM. 

56. The composition of claim 5 1 , wherein said D-glucose is present in an amount of 
about 20mM, 

57. The composition of claim 5 1 , further comprising at least one mitotic inhibitor, 

58. The composition of claim 57, wherein said at least one mitotic inhibitor 
comprises fluorodeoxyuridine, cytosine arabinoside, uridine triphosphate or a 
combination thereof 



59. The composition of claim 58, wherein said fluorodeoxyuridine is present in an 
amount of about 10 inM. 
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60. The composition of claiiB 58, wherein said cytosine arabinoside is present in an 
amount of about 1 mM. 

61 . The composition of ckim 58, wherein said uridine triphosphate is present in an 
amount of about 0.5 mM. 

62. The composition of claim 58, wherein said composition comprises ' 
flurodeoxyuridine, cytosine arabinoside, and uridine triphosphate. 

63 . The composition of claim 62, wherein flisrodeoxyuridine is present in an amomit 
of about 1 0 mM, cytosine arabinoside is present in an amount of about ImM and 
uridine triphosphate is present in an amount of about O.SmM. 

64. The composition of claim 51, wherein said antibiotic comprises peniciUin- 
streptomycin. 

65 . The composition of claim 64, wherein said penicillin-streptomycin is present in 
an amount of about lU/ml. 

66. The composition of claim 5 1 , wherein said cr>'opresen,'ative is dimethylsulfoxide 
(DMSO). 

67. The composition of claim 66, wherein said DMSO is present in an amount of 
about 6% to about 9% (v/v). 

68. The composition of claim 67, wherein said DMSO is present in an amount of 

about 8% (v/v) 
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69. The use of the composition of claim 36 for culturing primary CNS cells. 

70. The use of the composition of claim 69, wherein said primary CNS cells comprise 
cells selected from the group consisting of central nervous system neurons, glial 
cells, fibroblasts, or a combination thereof 

71. The use of the composition of claim 70, wherein said primary CNS cells comprise 
central nervous system neurons. ■ 

72. The use of the composition of claim 69, wherein said primary CNS cells are 
derived from an animal. 

73. The use of the composition of claim 72, wherein said animal is a human, rat, pig 
or mouse. 

74. The use of the composition of claim 72, wherein said animal is a transgenic 
animal, a gene knockout animal, or a combination thereof. 

75. The composition of claim 36 fiirther comprising primary CNS cells. 

76. The use of the composition of claim 5 1 for cryopreservirig primary CNS cells. 

77. The use ofthe composition ofclaim 76, wherein said primary CNS cells comprise 
cells selected from the group consisting of central nervous system neurons, glial 
cells, fibroblasts, or a combination thereof. 



78. 



The use ofthe composition ofclaim 77, wherein said primary CNS cells comprise 
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central nervous system neurons. 

79. The use of the composition of claim 76, wherein said primary CMS cells are 
derived from an animal 

80. The use of the coraposition of claim 79, wherein said animal is a human, rat, or 
mouse. 

81. The use of the composition of claim 79, wherein said animal is a ti"ansgenic 
animal, a gene knockout animal, or a combination thereof. 

82. The compos! tion of claim 5 1 , further comprising primar>' CNS ceils. 

83. A kit comprising the composition of claim 51 and a CNS cell culture medium 
composition. 

84. The kit of claim 83, further comprising cryopreserved CNS cells. 

85. The kit of claim 83, wherein said CNS cells are primary CNS cells. 

86. . A CNS cell culture medium composidon comprising minimum essential medium, 

about 20% (v/v) serum, about 2mM glutaminc, about 20 mM glucose, about 
lU/ml penicillin-streptomycin, about 400 mM ascorbic acid, about 2mM 
glutathione and about 300mM N-acetylcysteinc. 

87. A CNS cell cryopreservation composition comprising minimum essential 
medium, about 20% (v/v) serum, about 2mM glutamine, about 20 mM glucose. 
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about lU/ml penicillm streptomycin, about 400 tbM ascorbic acid, about 2mM 
glutathione, about 300mM N-acetyIc>'steine and about 8% (v/v) DMSO. 

88. The composition of claim 86, further comprising a CNS cell. 

89. The composition of claim 87, further comprising a CNS ceil 

90. A kit comprising the composition of claim 87 and a CNS cell culture medium 

composition. 

91. The kit of claim 90 further comprising cryopreserved CNS cells. 

92. A method of cryopreserv'ing primar>' CNS cells, said method comprising the steps 

of 

A) isolating said primary CNS cells; 

B) freezing said CNS cells in a CNS cell cryopreservation composition 
comprising nutrient medium, serum, glucose, glutamine, an antibiotic, at 
least one antioxidant, arid at least one cryopreservative. 

93 . The method of claim 92, wherein said cryopreservative comprises DMSO and is 
present in said CNS cell cryopreservation composition in an amount of about 8% 

(V/Y). 

94. The method ofclaim 92, wherein said freezing is performed by cooling said CNS 
cells in said CNS cell cryopreservation composition at a rate of about FC per 
minute from about 37°C to about ~80°C to produce a frozen cell suspension, and 
transferring said frozen cell suspension to storage in the presence of liquid 

nitrogen. 



wo 02/076206 



PCT/CA02/00393 



-88- 

95. A method of thawing cryopreserved CNS cells comprising the steps of 

A) rapidly heating said cryopreserved CNS cells at a temperature ofabout 

37°C until said CNS ceil cryopreservation composition is liquid, 

B) diluting said CNS cell cryopreservation composition with, a CNS cell 
culture medium composition, said CNS cell culture medium composition 
pre-warmed to a temperature of about 37° C. 

96. The use of the composition of claim 51, for cryopreservation of fluorescent 
transgenic cerebral cortex cells, GFP fluorescent hippocampal cells, cell repair 
impaired (GFP fliioresceiit) cerebral cortical cells, cell repair impaired (GFP 
fluorescent) hippocampal cells, GFP fluorescent striatum cells, GFP fluorescent 
hippocampal cells, GFP fluorescent cerebellar granular layer cells, GFP 
fluorescent glial cells, GFP fluorescent cardiac myocytes, GFP fluorescent 
skeletal muscle cells, GFP fluorescent pulmonary endothelial cells, cell repair 
impaired GFP fluorescent cardiac myocytes, and stem cells. 

97. The use of the composition of claim 36 for culturing of fluorescent transgenic 
cerebral cortex cells, GFP fluorescent hippocampal cells, cell repair impaired 
(GFP fluorescent) cerebral cortical cells, cell repair impaired (GFP fluorescent) 
hippocampal cells, GFP fluorescent striatum cells, GFP fluorescent hippocampal 

cells, GFP fluorescent cerebellar granular layer cells, GFP fluorescent glial ceils, 
GFP fluorescent cardiac myoc>^es, GFP fluorescent skeletal muscle cells, GFP 
fluorescent pulmonary endothelial cells, cell repair impaired GFP fluorescent 
cardiac myocytes, and stem cells. 

98. A cryopreserv'ed ENS cell. 



99. 



A cryopreserved CNS ceil. 
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100, The composition of claim 37 wherein said Neurobasal medium comprises B27. 

101. The composition of claim 100, wherein said mediuiTi furttier comprises one or 
more antioxidants. 
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2009Q0 Frozen Cortex, 7 days growth, 10k magnification 
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FIGURE 7A 
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20Q900 Frozen Cortex, 7 days growth, lOx magnificatfoo 




FIGURE 7B 
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Cortical cuiture: frozen 15~Feb-2000 
thawed 30-May-2000 
recorded 10-June-2000 
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Same culture without freezing: recorded 24-Feb-2000 
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131 100 Cortex. 7 davs growth 
Frozen cefis plated at 2x the live density 




FIGURE 10 
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051200, five cortex, ? days growth 
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021100 Cortex Frozen 7 days in culture 

Ascorbic Acid 400uM 
M-acetyi-cysteio SOug/ml 
Glutathione 2ni!VI 
treated before and after thawing 
plated at 2X live density 




FIGURE 1 IB 
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FROZEN MOUSE CEREBELLUfVi 

7 days in culture 




FIGURE 12 
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7dy, 20x, Hand thawing (4min23sec) 
well 1 well 2 
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300701D, Frozen Cortex, start 061201,- 
7dy, 2 Ox, thawed 37 °C for 5min 



FIGURE 13B 
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7civ. 20x, thav/ea i7''C ror lOmin 
well 1 2 




FIGURE 13C 
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300701D, Frozen Cortex, start 061201 
7dv, 2 Ox, thawed 3 7°C for 2 0min 
well 2 
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300701D, Frozen Cortex, start. 06'1201, 
7dy, 20x, thawed 56°C (dipped for IniinSSsec) 
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FIGURE 13F 
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7ay, 2 Ox. thawed 3 7^0 for 2 . Smin 
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FIGURE 13H 
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Frozen Syiouss cortex.Embryonic daylS, ? day in vitro 
Maintained in CNS-ACG 
Batch 250601 



PGP 
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FIGURE. 14B 
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'--esh Mo,.se Hiop'Vc^ r ^ - :)^r"nr' day ^ 
■? days n^tro %Uirv3 ^e^ CN3 plrJsng r »^dja 
PLitrg dcnsst/ jOO 000 ceils/mi Batr^ 25C601 




Fresh Mouse Cortex, Embryonic day 18/19 

7 days in vitro, Maintained in CNS plating media 

Plating density 500.000 cells/mi Batch 250601 




FIGURE 14C 
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Inifinunohistochemistry: 
Neuronal marker PGP 
Neurotransmitter marker GABA 
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Frozen Mouse Hippocampus, Embryonic 
day 18/19. 7 day in vitro, Maintained in 
CNS- ACG, Batch 250601 



Tuj ^ 




















Imnnunohistochemistry: 
Neurofilament marker Tuj 
Neurotransmitter marker GABA 
FIGURE 15B 
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Fresh Mouse Hippocampus, Postnatal day 1 

dayb ii /liro "^a nta lec "n CNS p af no media 
P^at ng density 500 000 ceHs^n : Batch JdOdUI 




FIGL'RE 15C 
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FIGURE 16A 
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